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CHAPTER 1. GENERAL INTRODUCTION 
Thesis Organization 
This thesis is arranged into three parts, each written for publication in a scientific 
journal. A comprehensive review of the literature precedes Paper 1. Each paper includes an 
abstract, introduction, materials and methods, results, discussion, and literature cited. In 
Paper 1, responses of three coccinellid species to different aphid prey levels are analyzed and 
compared. In Paper 2, intraguild predation and prey competition are examined among three 
coccinellid species when varying levels of aphid prey are available. In Paper 3, population 
densities of adult and immature coccinellids and aphids are examined in alfalfa fields in 
central Iowa. In Appendix A, population densities of a parasitoid that attacks Coccinellidae, 
Dinocampus coccinellae Schrank (Hymenoptera: Braconidae) and an unidentified mite are 
examined in alfalfa fields in central Iowa. In Appendix B, adult weight and elytral size are 
compared between field-collected adult coccinellids and those reared in the laboratory. In 
Appendix B, population densities of immature coccinellids are examined in alfalfa fields in 
central Iowa. 
Literature Review 
Classical Biological Control and Non-target Effects 
Controlling a pest by introducing its natural enemy is referred to as classical 
biological control or importation biological control (DeBach and Rosen, 1991). Classical 
biological control is often implemented when an insect pest invades an area that is 
geographically isolated from the region in which it evolved (Simmonds et al., 1976). 
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Isolation then separates the pest from coevolving organisms that once utilized it as prey 
(Simmonds et al., 1976). The goal of classical biological control is to reduce pest density by 
establishing a pest's natural enemy or enemies to the newly invaded area and for those 
populations to be self-sustaining in the environment (Simmonds et al. 1976, Luck et al. 
1999). When successful, pest populations can be maintained and often lowered below 
economic injury levels (DeBach and Rosen, 1991). A famous example of classical biological 
control involved the vedalia beetle, Rodolia cardinalis Mulsant (Coleoptera: Coccinellidae) 
and the cottony cushion scale, Icerya purchasi Maskell (Homoptera: Margarodidae) 
(Simmonds et al., 1976). Icerya purchasi was once a serious pest for California citrus 
growers (Caltagirone and Doutt, 1989). Biological control researchers introduced and 
established R. cardinalis in California from Australia, the native home of I. purchasi 
(Caltagirone and Doutt, 1989). This introduction led to the control of the scale by R. 
cardinalis (Caltagirone and Doutt, 1989). The southern California citrus industry was saved 
at an extremely low economic cost and I. purchasi populations have been maintained at low 
levels for over 100 years (Caltagirone and Doutt, 1989). 
Biological control is often cost effective and has fewer side effects on other 
organisms when compared to chemical control (Wilson and Huffaker, 1976). In the process 
of integrated pest management, biological control maybe combined with chemical control 
(Cate and Hinkle, 1994). For instance, the spotted alfalfa aphid is an exotic aphid that first 
appeared in California in 1954 (Cate and Hinkle, 1994). It quickly became resistant to 
insecticides and classical biological control was implemented (Cate and Hinkle, 1994). 
Three species of parasitic wasps were introduced from Europe to reduce aphid populations 
(Cate and Hinkle, 1994). This biological control, along with the occasional use of the 
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insecticide dimethoate, which was the less toxic to the wasps, controlled the aphid 
populations (Cate and Hinkle, 1994). 
The use of biological control may have some negative outcomes and concern over the 
possible negative effects of introduced biological control agents on non-target species has 
increased (Ormord 1994, Ehler 2000, Holt and Hochberg 2001). Many generalist predatory 
species used in biological control attack several pest species (Van Lenteren et al., 2003). The 
ability to feed and develop on organisms other than the pest also helps sustain the biological 
control agent when the target pest population is low (Symondson et al., 2002). Non-target 
effects are more likely to occur with generalist insects rather than host specific species 
because they may feed on other beneficial organisms (Van Lenteren et al., 2003). For 
instance, the spined soldier bug, Podisus maculiventris Say (Heteroptera: Pentatmidae), 
which may prey on a variety of pests including the Colorado potato beetle, Leptinotarsa 
decemlineata Say (Coleoptera: Chrysomelidae) and native to the United States, feeds on the 
native biological control agent, Coleomegilla maculata De Geer (Coleoptera: Coccinellidae) 
in laboratory studies (Mallampalli et al., 2002). 
Competition and Intraguild Predation 
Non-target organisms maybe displaced because of competitive interactions by 
introduced species (Burgin et al., 2002). Not only is this disruptive to the native organisms, 
but may decrease the levels of biological control against the target pest as well (Burgin et al., 
2002). During the late 1940's, the egg-larval parasitoid, Fopius arisanus Sonan 
(Hymenoptera: Braconidae), was introduced into Hawaii for control of the Mediterranean 
fruit fly and oriental fruit fly (Wang and Messing, 2002). Following the establishment of this 
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parasitoid, populations of previously introduced braconid parasitoids that attacked medflies 
and oriental fruit flies were sharply reduced, possibly because of competitive displacement 
among these parasitoids (Wang and Messing, 2002). 
The type of competition a species encounters maybe either interspecific or 
intraspecific. Intraspecific competition occurs within a species, while interspecific 
competition occurs between species that are competing for a limited resource (Price 1997). 
The degree of competition an introduced species encounters may be a factor in the likelihood 
of its establishment (Storer and Usinger, 1965). Competitive exclusion, a type of 
interspecific competition, often occurs with classical biological control (Luck and Podoler, 
1985). This may be a factor when an introduced species fails to establish due to competitive 
interference from other natural enemies (Ehler and Hall, 1982). For colonization to take 
place by the introduced species, it must adapt or be pre-adapted to species and conditions 
already present in the area. 
It has been suggested that multiple natural enemies will aid in the suppression of a 
pest and competition between these species for the pest ultimately will result in decreased 
suppression of the host (Bellows and Hassell, 1999). Coexistence among natural enemies is 
probable when spatial and temporal use differs within the same habitat (Evans 1991, Obrycki 
et al. 2000). However, competition between host-specific species may result in displacement 
from an area or decline in populations (Messenger et al., 1976). For example, populations of 
Encarsia perniciosi Tower (Hymenoptera: Aphelinidae), imported for control of the 
California red scale, Aonidiella aurantii Maskell (Homoptera; Diaspididae), decreased 
following the introduction of Aphytis melinus DeBach (Hymenoptera: Aphelinidae) in the 
coastal citrus groves of California (Yu et al., 1990). DeBach and Sundby (1963) found that 
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the displacement of E. perniciosi by A. melinus occurred because of contact interference by 
A. melinus females. Aphytis melinus females were exploitatively competiting with E. 
perniciosi by parasitizing the scale stage preferred by E. perniciosi females (DeBach and 
Sundby, 1963). DeBach and Sundby (1963) predicted that A. melinus would cause the 
extirpation of E. perniciosi. However, both species have coexisted in similar areas for over 
25 years (Yu et al., 1990). This coexistence maybe because the two species partition their 
host resource based on host size and choices in microhabitat (Yu et al., 1990). Differences in 
host preferences are thought to allow the coexistence of both species (Yu et al., 1990). 
Evaluating interactions between biological control agents and non-target species may aid in 
the understanding of why a biological control program was successful (Luck et al., 1999). 
Intraguild predation is an extreme form of competition (Lucas et al., 1998). It occurs 
between insects competing for and feeding on the same host and preying on each other 
(Rosenheim et al., 1995). Because they utilize the same host, these predatory species may 
occupy the same area at the same time (Rosenheim et al., 1995). Laboratory and field studies 
have shown that intraguild predation among insects occurs regularly (Rosenheim et al., 
1995). Intraguild predation is not unusual for generalist predators because many consume a 
variety of prey and are catholic in their prey preference (Rosenheim et al., 1995). Intraguild 
predation provides an additional food resource, may decrease competition for prey, and 
ultimately decreases predation ri sk by reducing the overpopulation of predators (Lucas et al., 
1998). Predation among predators may eventually lead to their spatial and temporal 
separation in a community, with the more dominant predator species acquiring the optimal 
habitat (Lucas et al., 1998). Intraguild predation is important to biological control if it results 
in reduced levels of pest suppression by the control agents) (Mallampalli et al., 2002). This 
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may occur if the predator, which was less effective at decreasing the pest, consumed a more 
effective natural enemy (Mallampalli et al., 2002). 
Several factors influence the degree and target of intraguild predation, including 
feeding specificity, size, mobility, aggressiveness, and extraguild prey (Lucas et al., 1998). 
Body size influences prey range of a predator with larger generalist species usually attacking 
smaller species, though some may only attack prey within a limited size range (Lucas et al. 
1998, Symondson et al. 2002). For instance, in a laboratory study, whichever immature 
species was larger at the time was superior when intraguild predation took place between 
Chrysoperla rufilabris Burmeister (Neuroptera: Chrysopidae) larvae and Coleomegilla 
maculata De Geer (Coleoptera: Coccinellidae) larvae (Lucas et al., 1998). However, some 
instances of smaller species successfully attacking larger species have been documented 
(Polis et al., 1989). 
Use of coccinellids in Biological Control 
There is a long history of using coccinellids in classical biological control (Obrycki 
and Kring, 1998). One of the best-known examples of the use of a coccinellid predator in 
biological control was the use of R. cardinalis to control the scale, I. purchasi, in California 
(Caltagirone and Doutt, 1989). Several other species also have been used in biological 
control with effective results (Burgin et al., 2002). Introductions of coccinellids are generally 
thought of as beneficial because they are predatory on pests, such as mites and Homopterous 
insects (Storer and Usinger 1965, Day et al. 1994, Iperti 1999). Though coccinellids 
typically feed on smaller organisms, prey specificity varies with species (Symondson et al., 
2002). For example, Coleomegilla maculata is a generalist predator while R. cardinalis is 
prey specific, feeding only on Icerya scales (Symondson et al., 2002). An estimated 90% of 
more than 4,000 species of coccinellids are beneficial and are found in most terrestrial 
ecosystems (Iperti, 1999). The populations of native coccinellid species in the Eastern and 
Midwestern United States agricultural habitats has appeared to decline since the mid-1950s; 
the introduction of exotic coccinellids to the area maybe related to this decline (Evans 1991, 
Day et al. 1994, Wheeler and Hoebeke 1995, Elliott et al. 1996, Brown and Miller 1998, 
Colunga-Garcia and Gage 1998, Obrycki et al. 2000). 
Exotic species may cause decreasing levels of the number of species through 
competitive interactions, predation, and transmission parasites (Usio, 2001). Organisms in 
the same guild may be more likely to affect each other due to competition than species in 
other trophic levels (Obrycki et al., 2000). For instance, introduced coccinellids may 
compete indirectly with native coccinellid species for shared resources and directly by 
intraguild predation (Ormord, 1994, Dixon 2000). 
Competition among Coccinellidae 
Competition among coccinellid species may occur during both immature and adult 
stages; immatures may compete for food and adults may compete for oviposition sites and 
food (Bellows and Hassell, 1999). If larvae of different species share the same foraging area, 
the more competitive beetle may increase, while the inferior species may decline (Evans, 
1991). Interspecific competition, an important element for community structure of predatory 
beetles, may occur if an aggressive species interferes with other individuals (Bellows and 
Hassell 1999, Usio 2001). This may occur when a large number of coccinellids occur in a 
limited space, influencing characteristics such as development rate, weight, growth (Hodek 
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and Honek, 1996). Asymmetric competition may occur when the more competitive species 
always out competes the less competitive species (Keddy, 1989). 
When prey becomes scarce, cannibalism and intraguild predation by coccinellids are 
likely to increase (Dixon, 2000). Adult coccinellids often will leave the area when prey is 
low (Hodek 1973, Hodek and Honek 1996). However, the immature stages of ladybeetles 
are restricted in their movements and therefore more likely to experience competition 
(Obrycki et al., 2000). Under laboratory conditions, intraguild predation has been observed 
among several species of coccinellid larvae (Table 1) (Ormord, 1994). Many of these studies 
have shown that larger larvae often attack smaller larvae and interactions between species 
may vary based on the amount of extraguild prey present. For example, when Harmonia 
axyridis Pallas (Coleoptera: Coccinellidae) and Coleomegilla maculata were paired in a 
laboratory study, the larger larvae preyed on the smaller larvae when no other prey was 
present (Cottrell and Yeargan, 1998c). 
For competition and intraguild predation to occur between coccinellid species, they 
must occur in the same habitats at similar times. Habitats in which the coccinellid species 
reproduce are likely the areas in which intraguild predation may occur because interactions 
are most severe among larval stages (Obrycki et al., 2000). Coccinellids are abundant in 
alfalfa in the midwestern United States (Giles et al., 1999). Species diversity of coccinellids 
in alfalfa often consists of less than 10 native species (Obrycki et al., 2000). Intraguild 
predation between coccinellids in alfalfa has been observed previously (Table 1) (Rosenheim 
et al., 1995). Because both larvae and adults of Coccinella septempunctata L. (Coleoptera: 
Coccinellidae) and Coleomegilla maculata occur at the same time in spring alfalfa in Iowa, 
intraguild predation may occur between these species (Obrycki et al., 1998a). 
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Coccinellid Movement and Aphid Prey 
Many species of coccinellids occur in a variety of habitats (Hodek and Honek, 1996). 
The population abundance of a coccinellid species in a particular habitat depends on that 
species habitat preference (Hodek and Honek, 1996). Because of the high mobility of 
coccinellids, estimating populations over large areas is difficult (Evans, 2000). Insect 
populations are unlikely to be correlated between years in disturbed horticultural and arable 
systems (Symondson et al., 2002). Changes in populations may largely be due to 
environmental conditions between years (Symondson et al., 2002). Environmental 
conditions may have a greater effect on insect populations than predation or prey levels 
(Symondson et al., 2002). However, populations of coccinellid adults and immature stages 
are influenced by prey density because it acts as an attractant and an arrestant for 
immigrating adults (Hodek and Honek, 1996). In addition, coccinellid adults may disperse 
more readily if they encounter low prey levels as larvae (Elliott et al., 1998). 
Aphids are a common prey source for many coccinellid species (Hodek and Honek, 
1996). Aphid populations tend to grow exponentially and then individuals may switch to 
produce alate young, which migrate to other plants (Dixon, 2000). This switch rapidly 
reduces the size of an aphid colony (Dixon, 2000). Females of aphidophagous coccinellids 
time oviposition with the peak aphid density, even though this aphid density will not remain 
high throughout their offspring's larval stages (Osawa, 1992). 
Several species of coccinellids maybe attracted to the same group of aphids and 
mobile adult coccinellids will aggregate in large numbers in response to increased aphid 
density (Evans 1996, Yasuda and Kimura, 2001). Once aphid numbers fall below some 
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threshold level, adult coccinellids then leave the area (Hodek and Honek, 1996). However, 
random movement in and out of the field also may occur. Ives (1981) observed that a small 
percentage of Coccinella trifasciata Mulsant (Coleoptera: Coccinellidae) and Coccinella 
californica Mannerheim (Coleoptera: Coccinellidae) populations migrate between oats and 
alfalfa throughout the summer season despite aphid prey levels. However, less active 
species, i.e., C. septempunctata, maybe less likely to leave habitats with large aphid 
populations (Hodek and Honek, 1996). Prey levels were found to be the primary cue for 
migration in Hippodamia convergens Guerin-Meneville (Coleoptera: Coccinellidae) (Rankin 
and Rankin, 1980). When prey levels are low, young Hippodamia convergens females may 
cease ovarian development and begin flight activity (Rankin and Rankin, 1980). However, 
this dispersal activity decreased to almost zero when the Hippodamia convergens females' 
ovaries were completely developed (Rankin and Rankin, 1980). 
For aphidophagous coccinellids, an adult may feed on over 100 aphids per day, while 
a larva may consume 200-600 aphids during its development (Hodek, 1973). Under 
laboratory conditions, C. septempunctata consumed up to 1,300 Myzus persicae Sulzer 
(Homoptera: Aphididae) during its larval development (Hamalainen et al., 1975). Prey 
utilization by coccinellids seems to be correlated with the population density of the prey 
(Hodek, 1973). Actual levels of aphid suppression by coccinellids in cereal crops are 
variable and difficult to predict (Elliott et al., 2000). 
Acyrthosiphon pisum Harris (Homoptera: Aphididae) (pea aphid) can be found on a 
variety of legumes and is the most abundant aphid found on alfalfa in Iowa. Young A. pisum 
aphids emerge and begin to feed on alfalfa in the spring. Four nymphal stages are completed 
before becoming adults. The first generation of the season is thought to reproduce 
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parthenogenetically. Depending on population densities, one A. pisum female may produce 
winged (alate) or wingless (apterous) young. Alate aphids often are produced because of 
overcrowding or host plant deterioration. Acyrthosiphon pisum tend to disperse throughout 
the plant and do not form into packed aggregations. Male aphids typically are produced in 
the fall and mate with females, which then deposit overwintering eggs into the host plant 
(MacKay and Wellington, 1977). In Iowa, coccinellids along with several other species of 
predators, parasitoids, and pathogens help to maintain aphid populations below economic 
thresholds (Giles et al., 1999). 
Parasitoids/Parasites of Coccinellidae 
Richardson (1970) listed nearly 100 insect parasitoids, mites, and nematodes that use 
coccinellids as hosts. How they influence coccinellid populations is not well understood 
(Ceryngier and Hodek, 1996). Dinocampus coccinellae Schrank (Hymenoptera: 
Braconidae), previously known as Perilitus coccinellae, is the most important parasitoid of 
the subfamily Coccinellinae in Europe and North America (Majerus, 1994). It is a solitary, 
multivoltine, parthenogenetic, thelytokous endoparasitoid that maybe host specific to the 
subfamily Coccinellinae (Hodek 1973, Majerus 1994). Between four and five generations 
per year are thought to occur in Illinois (Ceryngier and Hodek, 1996). The percent of 
coccinellids parasitized varies based on region, host, and seasons (Hodek, 1973). 
Over 40 different coccinellid species are parasitized by D. coccinellae and it may 
prefer larger coccinellid species (Obrycki 1989, Ceryngier and Hodek 1996). In addition, 
female coccinellids tend to be parasitized at a higher rate than males (Ceryngier and Hodek, 
1996). In North America, it often attacks Coleomegilla maculata and Hippodamia 
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convergens and commonly parasitizes C. septempunctata in Europe (Ceryngier and Hodek, 
1996). Typically ovipositing in adult beetles, females have been observed in the laboratory 
to occasionally attack larvae and pupae (Obrycki et al. 1985, Majerus 1994). The recovery of 
the coccinellid after the parasitoid exits its body may depend on the size of the adult, with 
larger species more likely to recover (Hodek, 1973). 
The fat body of the parasitized coccinellid decreases in size and degenerates because 
of parasitization and once D. coccinellae emerges from the host, the fat body maybe 
completely missing (Sluss, 1968). Parasitization by D. coccinellae also reduces 
spermatogenesis in the host's testes and may regress ovarian development (Hodek 1973, 
Majerus 1994). Though parasitization may affect the testes of male coccinellids, there is no 
apparent effect on viability of sperm or mating behavior of male coccinellids (Hodek, 1973). 
If a female coccinellid that already has developed ovaries is parasitized, the parasitoid may 
cause ovarial regression (Hodek, 1973). However, Coleomegilla maculata (Coleoptera: 
Coccinellidae) females with developed ovaries will continue to lay fertilized eggs up to 10 
days before emergence of 4th instar parasitoid (Hodek, 1973). In a laboratory study, 
parasitized post-diapausing females of Hippodamia convergens (Coleoptera: Coccinellidae) 
were found to have shorter flight times and decreased prey consumption than non-parasitized 
females but no change in metabolic activity (oxygen consumption) occurred (Ceryngier and 
Hodek, 1996). 
Parasitic mites from the family Podapolipidae are also known to attack some 
coccinellid species (Ceryngier and Hodek, 1996). Most of these mites belong to the genus 
Coccipolipus (Ceryngier and Hodek, 1996). All developmental stages of the mite live under 
the adult's elytra, where they suck the hemolymph from the abdomen (Ceryngier and Hodek, 
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1996). Female mites may attach to the abdomen or elytra of the host (Ceryngier and Hodek, 
1996). Parasitization by mites is rarely lethal, but it may lower the host's energy (Ceryngier 
and Hodek, 1996). 
Key factors that influence insect populations 
Individual qualities, such as how an individual coccinellid responds to prey density, 
and interactions ultimately determine the dynamics and size of insect populations (Price, 
1997). Basic ecological information regarding a species, such as diet breadth, habitat 
preferences, and developmental thresholds, may indicate niche preference for that species 
(Michaud, 2002). How the species responds in that niche requires knowledge of key factors 
that influence the species population dynamics, including density-dependent factors 
(predation, food levels), density-independent factors (environmental conditions), genetics, 
social interaction, and dispersal (Price, 1997). Genetics and relative fitness under different 
conditions also affect the demography, life history, dynamics, and persistence of insect 
populations (Price, 1997). Relative fitness can be defined as the contribution of a genotype 
to the next generation in relation to the contributions of alternative genotypes (Campbell, 
1996). 
Life history characteristics are influenced by quality and quantity of progeny as well 
as the timing of reproduction (Price, 1997). Fecundity, the number of eggs laid by a female, 
is an essential fitness trait for coccinellids (Hodek and Honek, 1996). The number of eggs 
laid is determined by the number of ovarioles and may vary based on species, habitat, prey 
availability and quality, body size, and temperature (Stewart et al. 1991 b, Hodek and Honek 
1996, Iperti 1999, Dixon 2000, Phoofolo and Obrycki 2000). Sundby (1966) demonstrated 
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that when food consumption of C. septempunctata is reduced to seven aphids (M. persicae) 
per day, larvae completed development, but emergence was reduced and the adults that did 
emerge were smaller and females produced fewer eggs. For species demonstrating sexual 
dimorphism in size, reduced prey may result in more males surviving to the adult stage 
because smaller males require less prey for development (Smith, 1966). Lower production of 
females might decrease future populations (Elliott et al., 1998). Maternally inherited 
bacteria, which kill males during embryogenesis, are present in many coccinellid species and 
may influence sex ratio of a population and ultimately population abundance (Majerus and 
Hurst, 1997). 
After examining eight coccinellid species, Stewart et al. (1991a) found that similar 
reproductive rates occurred among large and small species. However, within a species, 
heavier females had a higher reproductive rate (Stewart et al., 1991 a). This may be because 
larger females have more ovarioles and consequently lay larger clusters of eggs than smaller 
coccinellids (Dixon, 2000). The production of larger egg clusters may result in smaller eggs, 
which is inversely related to larval quality (Hodek and Honek, 1996). The number of eggs 
per clutch is approximately half the total number of ovarioles (Stewart, 1991b). Egg size is a 
function of the adult female coccinellid weight and ovariole number (Stewart et al., 1991 a). 
For example, a species with a large number of ovarioles (per unit of body mass) lays small 
eggs (Stewart et al., 1991 a). 
Both the number and size of eggs are important coccinellid fitness traits (Hodek and 
Honek, 1996). A high number of eggs would allow for greater fecundity while lower egg 
production may result in larger eggs (Stewart et al., 1991 a). If prey levels are reduced, 
female coccinellids decrease the number of eggs laid but maintain egg size (Hodek and 
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Honek, 1996). Increased egg size results in decreased development time and increased 
survival for coccinellid larvae (Stewart et al. 1991 a, Hodek and Honek 1996). Whether it is 
beneficial for females to have high egg production or low production with large egg size may 
depend on the species (Stewart et al., 1991 a). For instance, if a habitat contains a high 
number of larval predators, a greater batch size may improve the chance of some offspring 
surviving. 
Differences in adult coccinellid size affect the fitness of males and females in terms 
of mating, searching behavior, food consumption, fecundity, and longevity (Kessler 1971, 
Ohgushi 1996). Adult lady beetles vary in size within and between species and sexes, with 
males being typically smaller than females (Dixon, 2000). Elliott et al., (1998) found that 
Hippodamia convergens and Hippodamia tredecimpunctata tibialis Say (Coleoptera: 
Coccinellidae) females were larger (estimated by pronotum width) than males, but 
Hippodamia parenthesis (Say) (Coleoptera: Coccinellidae) did not show sexual dimorphism 
based on size. For sexually dimorphic species, males maybe more likely to complete 
development at low prey levels than females because they require less food during their 
development because of their smaller body size (Elliott et al., 1998). 
Body size also will vary based on larval prey levels and temperature (Hodek and 
Honek, 1996). Decreasing food levels slow larval growth and decrease adult weight in 
several coccinellids species while increased prey often will have the opposite effect (Hodek 
and Honek 1996, Dixon 2000). These responses to increased prey levels level out and cease 
to be affected once a maximum level of prey is reached (Dixon, 2000). Predators maybe 
restricted in prey choices due to body size and prey is typically smaller than the predators 
(Symondson et al., 2002). 
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Decreasing larval coccinellid food levels may increase development time while 
increased prey often has the opposite effect (Hodek and Honek 1996, Dixon 2000). Faster 
development time maybe beneficial for ladybeetles because smaller larvae are often preyed 
upon by larger larvae (Dixon, 2000). Under laboratory conditions, increased larval 
consumption of prey increases survival to maturity (Dixon, 2000). Faster development time 
would be favorable when immature coccinellids are located in low prey areas, which 
increases development time, because adults are more mobile and may leave the area faster 
(Dixon, 2000). In addition, development time maybe influenced by environmental 
conditions, such as temperature and food quality, and will vary among individuals because of 
genetic differences (Hodek 1973, Hodek and Honek 1996, Dixon 2000). 
The most Common Coccinellids in Iowa Alfalfa 
Harmonia axyridis 
Harmonia axyridis (Coleoptera: Coccinellidae), the multicolored Asian lady beetle, is 
a predatory, semi-arboreal species native to western Asia (Krafsur et al., 1997). It can be 
found throughout North America and is a predator of aphids in pecan, apple, sweet corn, 
citrus, and other crops (Krafsur et al. 1997, Michaud 2002). Though the full prey range of 
this species is not known, it is thought to be a highly generalist predator (Michaud, 2002). 
Attempts to establish this species in the United States date back to 1916, when it was 
released in California for control of aphid and scale pests (Gordon 1985, Obrycki and Kring 
1998a). Harmonia axyridis was later released in an additional 14 states over the following 
72 years. The most recent release took place in North Carolina in 1983 for red pine bast 
scale control (Michaud, 2002). Evidence of establishment by H. axyridis was first noted in 
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Louisiana in 1988 (Tedders and Schaefer, 1994). This population may have originated from 
releases made in Louisiana and Mississippi in 1979 and 1980 (Tedders and Schaefer, 1994). 
During 1978-1981, H. axyridis was released in pecan orchards in Georgia (Tedders and 
Schaefer, 1994). Establishment of these populations was first confirmed in Georgia in 1990, 
174 km from the release site (Tedders and Schaefer, 1994). This population spread 
throughout Georgia to South Carolina and northern Florida by 1992 (Tedders and Schaefer, 
1994). 
Declines in native coccinellid populations maybe the result of interspecific 
competition with H. axyridis (Obrycki et al., 2000). The most abundant coccinellid species 
in apple orchards in West Virginia only one year after its first detection, H. axyridis 
populations increased while the exotic coccinellid species C. septempunctata populations 
decreased (Brown and Miller, 1998). The decline of C. septempunctata in apple orchards 
may have been because of interactions with H. axyridis (Brown, 2003). In addition, native 
coccinellid species such as Adalia bipunctata L. (Coleoptera: Coccinellidae), Anatis 
labiculata Say (Coleoptera: Coccinellidae), and Cycloneda munda Say (Coleoptera: 
Coccinellidae) populations have declined from West Virginia apple orchards since the 
establishment of H. axyridis (Brown and Miller, 1998). Harmonia axyridis also became the 
most abundant coccinellid species in Michigan 4 years after its original discovery (Colunga- 
Garcia and Gage 1998). Michaud (2002) suggested that the decline of a common species, 
Cycloneda sanguinea L. (Coleoptera: Coccinellidae), in the Florida citrus ecosystem is 
because of the increase of H. axyridis. 
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Coccinella septempunctata 
The seven-spotted lady beetle, C. septempunctata, is an aphidophagous coccinellid 
originating from Europe, Asia, and parts of North Africa (Phoofolo, 1993). It was likely 
established in North America through releases made by the United States Department of 
Agriculture- Agricultural Research Service from 1956 to 1971 (Phoofolo, 1993). Coccinella 
septempunctata also may have been introduced accidentally to North America through 
transoceanic ships (Day et al., 1994). During the 1970's and 1980's, C. septempunctata was 
purposely spread to many areas of the United States and Canada (Phoofolo, 1993). 
Coccinella septempunctata is now distributed throughout the continental United States and is 
one of the most prevalent lady beetles in alfalfa (Elliott et al. 1996, Ormord 1994). Increases 
in C. septempunctata populations maybe correlated with declines of native coccinellid 
species (Evans 1991, Obrycki et al. 2000). In South Dakota, C. septempunctata populations 
increased while the native species, A. bipunctata and Coccinella transversoguttata 
richardsoni Brown (Coleoptera: Coccinellidae) decreased (Elliott et al., 1996). The 
introduction of C. septempunctata into the United States is also implicated in the decline of 
Coccinella novemnotata Herbst (Coleoptera: Coccinellidae) (Wheeler and Hoebeke 1995, 
Brown and Miller, 1998). In 1986, relatively few C. septempunctata were observed in Iowa 
alfalfa fields, but by 1994, C. septempunctata was one of the most abundant coccinellid 
species in this crop (Obrycki et al. 1987, Giles et al. 1994). Coccinella septempunctata 
became the dominant species in West Virginia apple orchards within 2 years after its initial 
detection, before being displaced by H. axyridis (Brown and Miller, 1998). The decline of 
the native coccinellid species Brachiacantha ursina F. (Coleoptera: Coccinellidae), 
Cycloneda munda (Coleoptera: Coccinellidae), Chilocorus stigma Say (Coleoptera: 
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Coccinellidae), and A. bipunctata in Michigan maybe caused by competition with H. 
axyridis and C. septempunctata (Colunga-Garcia and Gage, 1998). Coccinella 
septempunctata also is appearing to increase in dominance over other coccinellid species in 
Europe (Iperti, 1999). 
Coleomegilla maculata 
Coleomegilla maculata DeGeer (Coleoptera: Coccinellidae) is a generalist coccinellid 
native to the United States (Obrycki et al., 2000). It completes development on many species 
of insect eggs, pollen, small coccinellid larvae, and aphids (Mallampalli et al., 2002). In 
Iowa, Coleomegilla maculata is commonly found in corn and alfalfa fields (Giles et al., 
1994). Coleomegilla maculata, C. septempunctata, and H. axyridis were the most abundant 
coccinellids in alfalfa fields in central Iowa in the summer of 2001 (see Chapter 4, Results). 
Both C. septempunctata and H. crxyridis larvae have been shown to prey on Coleomegilla 
maculata (Obrycki et al., 1998b, Cottrell and Yeargan 1998a). 
Section 9: Objectives 
1) To examine the effects of prey density on interspecific interactions among larvae of 
Harmonic axyridis, Coleomegilla maculata, and Coccinella septempunctata. 
2) To compare responses of Harmonic axyridis, Coleomegilla maculata, and Coccinella 
septempunctata to selected levels of prey availability. 
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3) To determine relative abundance of Harmonia axyridis, Coleomegilla maculata, and 
Coccinella septempunctata in alfalfa ~ elds. 
4) To compare current levels of abundance of Coleomegilla maculata, Hippodamia 
convergens and Coccinella septempunctata in central Iowa alfalfa fields to previous levels 
determined from 1986-1991. 
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Table 1. Studies that have examined intra~u.ild predation among Coccinellidae 









Under laboratory conditions, larger larvae 
preyed on smaller larvae when prey was 
absent 
C. septempunctata adults and larvae 
attacked C. carnea larvae in the presence 









Field observations of H. axyridis attacking 









3rd instars Under laboratory conditions, no significant 
difference between intraspecific and 
interspecific competition based on the 







3rd and 4~' 
instars 
Under laboratory conditions, larger larvae 







4th instars and 
eggs 
Field observations of H. axyridis attacking 
eggs and larvae of C. septempunctata in 







1st, 2nd, 3rd, 
and 4th instars 
Under laboratory conditions, C. rufilabris 
attacked more 1st and 2nd instars than 3rd 
and 4th 




All life stages Under laboratory conditions, larger larvae 
preyed on smaller larvae 
regardless of aphid level 
C. rufilabris successfully attacked similar 
sized Coleomegilla maculata larvae 
C. rufilabris larvae fed on Coleomegilla 
maculata pupae while C. rufilabris pupae 
were not attacked by Coleomegilla 
maculata 
Egg masses of both species were fed on by 
the other species 
The effect of increased prey density varied 
based on development stage combination 







Field observations of H. axyridis adults and 






Table 1. (continued) 







Field observations of H. axyridis adults and 







Larval Under laboratory conditions, the larger 
larvae preyed on smaller larvae when no 
other prey was present 
When similar sized larvae were paired and 
no other prey present, H. axyridis attacked 






Larval Under laboratory conditions, no negative 
interactions observed when fed excess prey 
(20 aphids/day) 
Reduced Coleomegilla maculata survival 
and increased C. septempunctata survival 











Under laboratory conditions, H. axyridis 
larvae and Coleomegilla maculata larvae 
completed development on C. carnea eggs 
but C. septempunctata did not 
C. carnea larvae completed development 
on Coleomegilla maculata eggs but not on 
H. axyridis eggs 
3rd instar C. carnea larvae preyed on 4~' 
instar Coleomegilla maculata larvae in the 









Under laboratory conditions, H. axyridis 
larvae and adults had higher levels of 
cannibalism than intraguild predation, in 
the presence of high prey and in the 
absence of prey, on eggs 
At low prey levels, H. axyridis adults had 
higher levels of cannibalism than intraguild 
predation on eggs 
There was no difference between 
cannibalism and intraguild predation for I~ 
axyridis larvae on eggs 
Burgio et al., 
2002 
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Table 1. (continued 




Podisus maculiventris Say 
(Heteroptera: Pentatomidae) 
Adults, 4th 
and 3rd instar 
Under laboratory conditions, 
neither adults nor immatures 
of Coleomegilla maculata fed 
on either life stages of P. 
maculiventris 
P. maculiventris adults and 
nymphs fed on Coleomegilla 
maculata larvae but not adults 
Mallampalli et al., 
2002 
Harmonia axyridis 
Cycloneda sanguinea L. 
(Coleoptera: Coccinellidae) 
Adults, 1st, 
2nd, and 3rd 
instars, eggs 
Under laboratory conditions, 
H. axyridis adults consumed 
all of C. sanguinea 2nd instars 
while only 15% of adult C. 
sanguinea attacked H. 
axyridis 2nd instars 
Adults and larvae of both 
species fed on each others 
eggs 
H. axyridis larvae attacked 
similar sized C. sanguinea 
larvae 100% of the time 
H. axyridis was observed to 
fed on C. sanguinea prepupae 
Michaud, 2002 
Harmonia axyridis 
Podisus maculiventris Say 
Adults, 2nd, 
3rd, and 4th 
instar 
Under laboratory conditions, 
older instars and adults had 
more successful attacks than 
the younger stages 
P. maculiventris adults and 
nymphs attacked H. axyridis 
larvae but rarely the adults 
H. axyridis, the smaller 
species rarely attacked P. 
maculiventris 
Intraguild predation levels 
were not influenced by aphid 
prey availability 
De Clercq et al., 2003 
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CHAPTER 2: EFFECTS OF PREY DENSITY ON ADULT CHARACTERISTICS OF 
THREE SPECIES OF COCCINELLIDAE 
To be published in conjunction with Appendix C 
Susan E. Moser &John J. Obrycki 
Abstract 
Larval nutrition is an important factor determining adult characteristics, which 
influence the population dynamics of a species. Responses to larval development on 4levels 
of pea aphids per day [2, 4, 10, and 20 Acrythosiphon pisum Harris (Homoptera: Aphididae)] 
were determined for Harmonia axyridis Pallas (Coleoptera: Coccinellidae), Coccinella 
septempunctata L. (Coleoptera: Coccinellidae), and Coleomegilla maculata De Geer 
(Coleoptera: Coccinellidae). Characteristics measured included development time, survival, 
sex ratio, adult weight, length and width of adult elytra, and shape of the elytra. Survival was 
not influenced by an individual's sex. Body size (adult weight, elytral length, elytral width) 
was affected by prey levels for each species. Only H. azyridis completed development at 
each prey level and consistently increased body size as prey levels increased. At 2 and 4 
aphids per day, Coleomegilla maculata had the highest survival (%) and fastest development 
time (days). Coccinella septempunctata larvae did not complete development when fed 2 
aphids per day. Maternal effects influenced larval and adult characteristics of each species. 
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Introduction 
In the United States, Harmonia axyridis Pallas (Coleoptera: Coccinellidae) , 
Coccinella septempunctata L. (Coleoptera: Coccinellidae), and Coleomegilla maculata 
DeGeer (Coleoptera: Coccinellidae) are relatively abundant predatory species in alfalfa 
(Colunga-Garcia and Gage 1998, Giles et al. 1994). Harmonia axyridis, the multicolored 
Asian lady beetle, is a predatory, semi-arboreal species native to western Asia (Krafsur et al., 
1997). It is distributed throughout North America and preys on aphids in pecan, apple, sweet 
corn, citrus, and other crops (Krafsur et al. 1997, Michaud 2002). The full prey range of this 
species is not known, but is generally believed to be a highly polyphagous species (Michaud, 
2002). The seven-spotted lady beetle, C. septempunctata, is an aphidophagous coccinellid 
originating from Europe, Asia, and parts of North Africa (Gordon 1985, Phoofolo 1993). 
During the 1970's and 1980's, C. septempunctata was purposely spread to many areas of the 
United States and Canada for use as a biological control agent (Phoofolo, 1993). Coccinella 
septempunctata can be found throughout the continental United States and is one of the most 
prevalent ladybeetles in alfalfa (~rmord 1994, Elliott et al. 1996). Coleomegilla maculata is 
a generalist coccinellid native to the United States (Obrycki et al., 2000). It can complete 
development on pollen, small coccinellid larvae, aphids, and many species of insect eggs 
(Mallampalli et al., 2002). In Iowa, Coleomegilla maculata adults are commonly found in 
corn and alfalfa (Giles et al., 1994). 
Dynamics and sizes of insect populations are ultimately determined by individual 
qualities such as genetics and relative fitness (Price, 1997). Fecundity, the number of eggs 
laid by a female, is an essential fitness trait for coccinellids (Hodek and Honek, 1996). It is 
determined by the number of ovarioles and may vary based on species, habitat, prey 
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availability and quality, body size, and temperature (Stewart et al. 1991b, Hodek and Honek 
1996, Iperti 1999, Dixon 2000, Phoofolo and Obrycki 2000). Prey quality has been 
previously shown to effect fecundity of Coleomegilla maculata and H. axyridis (Phoofolo 
and Obrycki 1997). Sundby (1966) demonstrated that reducing food consumption of larval 
C. septempunctata to seven aphids [Myzus persicae Sulzer (Homoptera: Aphididae)] per day 
resulted in a decline of adult emergence, smaller adults and fewer eggs produced by females. 
Size of adult Coccinellidae affects the fitness of males and females, i.e., mating, 
searching behavior, food consumption, fecundity and longevity (Kessler 1971, Ohgushi 
1996). Adult lady beetles vary in size within species (eg. sexual dimorphism) (Dixon, 2000). 
Harmonia axyridis males are typically smaller than females in adult characteristics of weight, 
body length, body width, and elytral length (Ueno, 1994). Body size maybe influenced by 
larval prey levels and temperatures that larvae experience (Hodek and Honek, 1996). Low 
prey levels experienced by larvae decrease adult weight in several coccinellid species (Hodek 
and Honek 1996, Dixon 2000). For example, adult weight of Coleomegilla maculata 
increases with increased larval prey (Smith 1965, Obrycki et al. 1998a). 
Development time of coccinellids is affected by environmental conditions such as 
temperature and food quality, and varies slightly among individuals because of genetic 
influences (Hodek 1973, Hodek and Honek 1996, Dixon 2000). Prey quality has been shown 
to affect development time and survival of H. axyridis (Grill and Moore 1998). Decreased 
availability of prey often increases development time while increased prey results in 
decreased rates of development (Hodek and Honek 1996, Dixon 2000). Previous studies 
have shown that low prey availability increase development time of C. septempunctata and 
Coleomegilla maculata (Obrycki et al., 1998a). Enhanced responses to increased prey cease 
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to be affected once a maximum level of consumption is reached (Dixon, 2000). When low 
amounts of prey are available to larvae, more time may be needed to reach a critical larval 
weight required for pupation (Hodek and Honek, 1996). Previous studies have shown higher 
larval survival for C. septempunctata when prey levels were increased (Sundby 1968). 
Decreased development may result in higher fitness because higher rates of mortality 
typically occur during immature stages (Dixon, 2000). Once the mobile adult stage is 
reached, individuals may leave low prey density areas more efficiently (Dixon, 2000). 
The objective of this research was to compare the larval and adult responses of three 
coccinellid species, H. a.~yridis, C. septempunctata, and Coleomegilla maculata, when 
encountering a range of aphid prey levels as immatures. The characteristics measured were 
development time, time of instar duration, survival, sex ratio, elytral length, elytral width, 
elytral shape, and adult weight. The pea aphid, Acyrthosiphon pisum (Harris) (Homoptera: 
Aphididae) was used as prey for the three coccinellid species (Hodek and Honek 1996, 
Obrycki et al. 1998a). 
Material and Methods 
Collection and Handling of Adults 
Adult Coleomegilla maculata and C. septempunctata were collected in central Iowa 
in fall 2000 (trial 1) and fa112001 (trial 2). Harmonia axyridis were collected in Amboy, 
Illinois in October 2000 (trial 1) and in Fayetteville, New York during fall 2001(trial 2). 
Adults for both trials were maintained in 0.5-pint paper cages (Neptune Paper Products, 
Jersey City, NJ) at 22.7°C ± 0.4°C, a photoperiod of L: D 16:8 h, and a relative humidity of 
71 ~ 5.5 %. Temperature and humidity were recorded every hour using a HOBO® recorder 
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(Onset Computer Corporation, Bourne, MA). Water was supplied in acotton-plugged glass 
vial. Adults were fed pea aphids, Acrythosiphon pisum, and green peach aphids, Myzus 
per~sicae Sulzer (Homoptera: Aphididae), and a 1:1 mixture of honey and Wheast® 
(Qualcepts, Minneapolis, MN, USA). The A. pisum were raised on fava beans, Vicia faba L., 
while the M. persicae were raised on Chinese cabbage, Brassica peka'nensis (Lour). Adult 
Coleomegilla maculata also were feed an artificial diet manufactured by Integrated 
BioControl Systems (Aurora, IN). Females of each species were separated into individual 
cages after mating and checked daily for egg masses. The larvae used in this study were the 
first generation offspring from these females. 
Experimental Design 
There were two trials, which differed based on the life stage of aphid fed to larvae, 
number of female sources, and treatments. The life stage of the aphids used in trial one was 
not taken into account, in trial 2, only adult wingless pea aphids were used. Trial 1 included 
4 female sources replicated 4 times, for a total of 16 cages for each treatment. Trial 2 
consisted of five female sources replicated 4 times, for a total of 20 cages for each treatment. 
Larvae, selected from an egg mass on the day of eclosion, were systematically placed into the 
4 treatments. Each treatment consisted of different numbers of pea aphids fed each day to 
each larva until pupation for each coccinellid species. The four treatments for trial 1 were 
one A. pisum per day (1.1 ± 0.1 mg), 2 aphids per day (2.2 ± 0.1 mg), 4 aphids per day (4.4 ± 
0.2 mg), and 10 aphids per day (12.6 ± 0.9 mg) (table 1). Coleomegilla maculata was the 
only species to reach the adult stage on 2 and 4 aphids per day in trial 1. The treatments for 
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trial 2 were altered by eliminating the 1 aphid per day treatment and replacing it with 20 
aphids per day (22.7 ± 2.3 mg). 
Larvae were reared individually in 0.5-pint paper cages for both trials at 23.3° C ~ 
0.6° C, L: D 16:8; on 1, 2, 4, 10, or 20 A. pisum per day, based on the trial and treatment. The 
larvae were examined daily for survival and molting until pupation or death occurred. 
Aphids that had not been consumed by the next feeding date were removed. If larvae could 
not be fed the next day, the number of aphids was doubled to include the day that would be 
missed. Any pupa that took longer than 14 days to eclose was removed and considered dead. 
Newly emerged adults were supplied with water and frozen at -7.8 °C ~ 2.0°C within 36 
hours of eclosion. 
Frozen adults were weighed to the nearest 0.01 mg using a Mettler AE 100 analytical 
balance. Development time was calculated as the number of days from egg eclosion to adult 
eclosion. Time between each instar was measured in days between each larval molt. Sex 
was determined through dissection with the use of an Olympus SZH zoom stereomicroscope. 
Sex was not determined for adults used as voucher specimens. During trial 1, the elytral size 
measurements were determined with an Olympus SZH zoom stereomicroscope at lOX 
magnification. A stage micrometer was used to measure the elytra in millimeters. During 
trial 2, the elytral shape (defined as the properties of the elytra that are constant once 
position, orientation, and scale have been mathematically removed) was recorded along with 
the elytral length and width (Bookstein, 1991). The elytral measurements were determined 
for trial 2 by taking a digital image of each adult. The images were downloaded into 
tpsDIG32 software, which allowed for the elytra outline, lengths, and widths to be produced 
(http://life.bio. sunysb. edu/morph). The lengths and widths were recorded to the nearest 
39 
0.0001 mm. Voucher specimens of Coleomegilla maculata, C. septempunctata, H. axyridis, 
and A. pisum are deposited in the Iowa State University Insect Museum, Department of 
Entomology, Iowa State University, Ames, IA, 50011, USA. 
Statistical Analysis 
Statistical analysis of data from trial 1 for H. axyridis and C. septempunctata because 
larvae of both species did not survive to the adult stage when fed 1, 2, or 4 aphids per day. 
Coleomegilla maculata completed development at 2, 4, and 10 aphids per day in trial 1, thus 
the statistical analyses for these treatments were completed. For trial 2, only two C. 
septempunctata beetles completed development on 4 aphids per day and none completed 
development on 2 per day. These two treatments were excluded from the C. septempunctata 
trial 2 analysis because of the small sample size. An adequate sample size (n > 10) was 
observed for H. axyridis and Coleomegilla maculata in each feeding level for trial 2 and 
statistical analyzes of each treatment were completed. 
A two-way factorial analysis of variance (JMP 5.0, 2002) was used to compare 
effects of prey density, larval maternal source, and the interaction of prey density and 
maternal source on percent survival, development time, elytral width, elytral length, and 
adult weight for each coccinellid species. If the interaction between prey density and 
maternal source was not significant, it was removed from the model. An aresin 
transformation was performed on the survival data to stabilize variance. Larvae representing 
each Coleomegilla maculata and C. septempunctata maternal source did not complete 
development at each feeding treatment for both trials. Consequently, maternal source was 
nested within each treatment for all of the Coleomegilla maculata and C. septempunctata 
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statistical analyses. Least Squares Means Differences Tukey (HSD) analysis (JMP 5.0, 
2002) was performed for treatment effects to distinguish among feeding levels. A 
contingency analysis (JMP 5.0, 2002) was employed to test if males or females were more 
likely to survive certain treatments. Repeated Measures Multivariate Analysis of Variance 
(JMP 5.0, 2002) was used to examine the effect of treatment and maternal sources on 
developmental times. An Elliptical Fourier Analysis (Morpheous GUI, 2000) converted the 
elytral outline shape coordinates into Elliptical Fourier Analysis coefficients. The 
coefficients represented the shape variables in Multivariate Analysis of Variance (JMP 5.0, 
2002), which was used to examine if the maternal source or larval feeding level effected 




Survival of each coccinellid species increased as aphid prey per day increased (Table 
2). No individuals completed development on one aphid per day. The only treatment in 
which the three species completed development was at 10 aphids per day (Table 2). There 
was a significant difference between species and survival rates; H. axyridis showed the 
highest survival at 10 aphids per day (p<0.02, Table 2). Survival of Coleomegilla maculata 
decreased when fed 1 aphid per day compared with 4 or 10 aphids per day (p<0.05). There 
was no difference in survival among Coleomegilla maculata larvae fed 2, 4, and 10 aphids 




Survival was higher in tria12 compared with trial 1. Larval survival of Coleomegilla 
maculata was not affected by aphid prey levels but was influenced by maternal sources 
(Table 3). Harmonia axyridis survival was not influenced by maternal source or prey level 
(p>0.05). The majority of C. septempunctata larvae did not survive past the 4th instar when 
fed 2 aphids per day and only 2 individuals survived to the adult stage when fed 4 aphids per 
day. Because of this small sample size at 4 aphids per day, these adults were not included in 
the statistical analysis. Survival of C. septempunctata larvae increased as aphids fed per day 
increased (p<0.01, Table 2). Of the three species, C. septempunctata tended to have the 
highest survival (95%) at 20 aphids per day (Table 2). Coleomegilla maculata and H. 
axyridis larvae showed similar survival (70%) when fed 2 aphids per day (Table 2). 
Development Time 
Trial 1 
Development time decreased as the number of aphids fed per day increased for 
Coleomegilla maculata (p<0.01, Table 4). The development time of the Coleomegilla 
maculata larvae was not influenced by the maternal source of the larvae (p=0.13). At 10 
aphids per day, H. axyridis tended to have the fastest development, while C. septempunctata 
developed slowest (Table 4). 
Tria12 
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Development time of each species was faster in trial2 than in trial 1. The maternal 
source of the larvae and aphid levels significantly affected the development time of each 
species (p<0.05, Table 3). As the number of aphids fed per day increased, the development 
time decreased for H. axyridis (p<0.01, Table 5). Coleomegilla maculata development time 
decreased when the prey levels increased from 2 to 10 aphids per day but there was no 
difference in development time from 10 to 20 aphids per day (Figure 1). Prey level 
influenced C. septempunctata development time (p<0.02). Coccinella septempunctata larvae 
fed 10 aphids per day had longer development times than those fed 20 aphids per day 
(p<0.05). Coleomegilla maculata had the fastest preimaginal development time at 2 and 4 
aphids per day (Figure 1). Development time for the three species was similar (17-20 days) 
when fed 10 and 20 aphids per day (Figure 1). 
Sex Ratio 
The sex ratios of the three species were not affected by the prey levels in trial 1 or 2 
(p>0.05, Table 2). 
Adult Weight 
Adult weight was lower in trial one than trial two. Adult weight of Coleomegilla 
maculata was not influenced by the aphid prey levels or maternal source in trial 1 (p>0.05, 
Table 6). However, Coleomegilla maculata weight was affected by prey levels and the 
maternal source in tria12 (Figure 2). Weight increased when larvae were fed prey levels up 
to 10 aphids per day (Figure 2). In trial 2, the adult weight of H. axyridis increased with 
increasing levels of prey (p<0.05, Figure 2). Maternal source did not influence H. a.~yridis 
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weight but did affect the weight of C. septempunctata in trial 2 (Table 3). Coccinella 
septempunctata adult weight was also influenced by prey level (p<0.01). Larvae fed 20 
aphids per day resulted in higher adult weights than those fed 4 or 10 aphids per day (p<0.05) 
Elytral Length and Width 
The aphid prey levels and larval maternal source did not affect the elytral size (elytral 
length or width) of Coleomegilla maculata in trial 1, but both influenced the elytral size 
(elytral length and width) in trial 2 (Table 3). During trial 2, the low prey levels of 2 and 4 
aphids per day resulted in smaller elytral size for Coleomegilla maculata adults than the prey 
levels of 10 and 20 aphids per day (Table 6). Elytral length of adult C. septempunctata 
increased when larval food increased from 10 to 20 aphids per day in tria12 but elytral width 
was not influenced by prey levels (Tables 3, 6). In tria12, the maternal source of the C. 
septempunctata larvae did not affect the elytral size. Both the maternal source and the aphid 
prey influenced the elytral length of adult H. axyridis (Table 3). The aphids fed per day to H. 
axyridis larvae affected the elytral width while the maternal source of these larvae did not 
(Table 3). Harmonia axyridis larvae fed 4 aphids per day produced adults with the smallest 
elytral size (Table 6). 
Elytral Shape 
The elytral shape was significantly different for each coccinellid species (p= <0.01, 
Figure 3). The maternal sources for H. axyridis did not influence the elytral shape of the 
adults (Table 4). Maternal sources for Coleomegilla maculata and C. septempunctata larvae 
were nested within treatment because each maternal source was not represented at each prey 
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level. The statistical model used to analyze shape did not allow for nested effects so only the 
treatment, aphids fed per day, was used in the model for Coleomegilla maculata and C. 
septempunctata. Ha~monia axyridis was the only species in which the elytral shape was 
influenced by larval diet, in which larvae fed 2 aphids/day resulted in a different elytral shape 
than those fed 4, 10, or 20 aphids per day (Figure 4). 
Discussion 
Trial 1 vs. Trial 2 
For each species in trial 2, survival was higher, development time was faster, and adult 
weight was lower compared with larvae in trial one. This maybe due to the pea aphids 
chosen for feeding. Aphids were selected randomly for the first trial while only adult 
wingless aphids were used in the second trial. 
Survival and Development 
Depending on environmental conditions, differences in life history characteristics 
among coccinellid species may ultimately affect their populations and species interactions. 
Coccinella septempunctata and H. axyridis are similar sized coccinellids, but compared to C. 
septempunctata, H. axyridis had higher percent survival at lower prey levels. For C. 
septempunctata larvae to complete development when aphid levels are low in field situations, 
it may need to acquire additional food sources. In alfalfa, coccinellids may prey on alfalfa 
weevil larvae (Evans and England, 1996). Giles et al. (2002) reported that C. septempunctata 
did not survive on low levels of the aphid Acyrthosipohon kondoi Shinji (Homoptera: 
Aphididae), while the smaller species Hippodamia convergens Guerin-Meneville 
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(Coleoptera: Coccinellidae) did complete development. Both species survivorship increased 
with increasing prey levels (Giles et al., 2002). Coleomegilla maculata adults are smaller 
than C. septempunctata or H. axyridis; therefore, Coleomegilla maculata maybe expected to 
require less prey to complete development. Coleomegilla maculata is likely to survive at low 
prey levels, with high survivorship and shorter development time. 
Larval nutrition is an important factor that determines adult characteristics, which 
influences the population dynamics of a species. Coccinella septempunctata and 
Coleomegilla maculata larvae completed development when fed one large pea aphid (3.02 
mg) each day (Ormord, 1994). In our study, these species did not survive when fed one pea 
aphid per day with an average weight of 1.1 mg. When larvae were fed 4 aphids per day (4.4 
mg), 10% of C. septempunctata and 75% of Coleomegilla maculata survived. Both studies 
reared pea aphids on V. faba and differences in weights of adult pea aphids maybe due to 
host plant health and the temperature and humidity in which the aphids were reared (MacKay 
and Wellington 1977, Dixon 1985). Smaller adult aphids may be produced because of over-
crowding, high temperatures, and host plant age (Dixon, 1985). Giles et al. (2002) reported 
that C. septempunctata did not survive on 1 mg of A. kondoi prey, which is similar in weight 
to 1 adult, wingless, A. pisum in trial 2 (Table 1). Ormord (1994) found 63 % of 
Coleomegilla maculata larvae completed development when fed 3.02 mg of aphids and 79% 
survived when fed 6.04 mg of aphids. In our study, 70% of Coleomegilla maculata 
completed preimaginal development when fed 2.2 mg of aphids, which is similar to results 
found in Ormord (1994). In each trial, Coleomegilla maculata larvae completed 
development at all prey levels except when fed 1 aphid per day (1.1 mg) in trial one. 
Coccinella septempunctata had low survival at low prey levels in both trials. At low prey 
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levels, H. axyridis survived but with an increased development time. In a field situation, this 
may allow H. axyridis larvae more time to seek additional food resources by such means as 
cannibalism and intraguild predation. For example, preimaginal development time decreased 
by 1 day when H. axyridis larvae preyed on 1st instar conspecifics (Wagner et al., 1999). 
Development Time 
The larval stages of coccinellids are often considered ahigh-risk period for individual 
survival. Coleomegilla maculata larval field mortality rates decline with increased age 
(Obrycki et al., 1998b). For example, Coleomegilla maculata mortality rate was shown to be 
70.1 % as a first instar and 32.1 % as a 3rd instar (Obrycki et al., 1998b). Because immatures 
are not as mobile as adults and maybe more likely to experience predation, decreased time 
spent at this stage would also be beneficial (Agarwala and Dixon, 1992). Starved larvae are 
more vulnerable to predation than well-fed larvae and the coccinellid species with faster 
larval development time at low prey levels may pupate and leave the area more quickly 
(Agarwala and Dixon, 1992). Coleomegilla maculata had the fastest development time at 2 
and 4 aphids per day in trial two and was the only species to survive at these prey levels in 
trial one. However, Coleomegilla maculata was not influenced by the highest prey level. 
When larvae were fed 10 aphids per day in trial one, H. axyridis had the shortest 
development time. At the high prey levels in the second trial, the development times of the 
three species were similar. 
Development time decreases with increased prey consumption for H. axyridis, 
Coleomegilla maculata, and C. septempunctata (Obrycki et al. 1998a, xia et al. 1999, Giles 
et al. 2002). We also observed this relationship between prey levels and development time 
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for these three species. Additionally, we observed that maternal sources influenced the 
development time of each species and depending on the maternal source, development time 
decreased with increasing prey levels for C. septempunctata. Genetic variation in the 
developmental rate in H. axyridis has been documented by Ueno (1994). Maternal effects 
may play an important role in fitness characteristics and should be taken into account in 
future studies. 
Sex Ratio 
Previously it has been suggested that species of Coccinellidae that demonstrate sexual 
dimorphism in adult size were likely to have more males survive at low prey levels than 
females (Smith, 1966). Males are typically smaller in size and may require less food, 
resulting in higher survival at lower prey densities than females (Smith, 1966). Elliott et al. 
(1998) found that the coccinellids Hippodamia convergens and Hippodamia 
tredecimpunctata Say females were larger in body size (estimated by pronotum width), but 
Hippodamia parenthesis Say did not demonstrate sexual dimorphism based on this 
measurement. Despite the fact that 2 of the 3 species showed sexual dimorphism, the sex 
ratios fluctuated between generations as the result of prey density encountered as larvae 
(Elliott, 1998). Giles et al. (2002) found that the proportion of C. septempunctata females 
and Hippodamia convergens females increased with increased prey levels; however, we did 
not observe increased occurrence of females at higher prey levels. 
Adult Size and Shape 
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Prey quality and quantity are known to influence adult coccinellid size, with 
increased larval prey levels resulting in increased adult body size (Obrycki et al. 1998a, 
Smith 1965, Sundby 1966, Wagner et al. 1999, Evans 2000, Giles et al. 2002). For the 
second trial, response of body size (adult weight, elytral length, elytral width) was often 
influenced by prey levels while the effect of maternal source varied with species and 
response. Wagner et al. (1999) observed that genetics influenced H. axyridis pronotum 
width, while we observed maternal influence elytral length, but not the elytral width. 
Previous studies have shown that adult weight of H. axyridis, Coleomegilla maculata, and C. 
septempunctata increase with increasing prey levels (Smith 1965, Obrycki et al. 1998a, 
Wagner et al. 1999, Giles et al. 2002). We also observed a similar relationship between adult 
weight and larval aphid prey levels. 
Harmonia axyridis was the only species whose elytral shape changed due to increased 
larval prey levels. The graphical representation of elytral shape of H. axyridis indicated that 
the change in shape, occurring at 2 aphids/day, was in the posterior region of the elytra 
(Figure 4). The elytra may have increased in size because of a larger abdomen, which would 
require a larger elytral covering. The elytral shape may have also changed for increased 
wing aerodynamics. Elliott et al (1998) found that larvae in low prey densities are more 
likely to disperse as an adult. If H. axyridis larvae are in low prey areas, increased wing 
aerodynamics may aid in its dispersal from the area as an adult. 
Conclusion 
The diversity of coccinellids in the Midwestern United States has seemed to decline 
since the mid-1950s; the introduction and spread of exotic coccinellids maybe related to this 
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decline (Evans 1991, Day et al. 1994, Wheeler and Hoebeke 1995, Elliott et al. 1996, Brown 
and Miller 1998, Colunga-Garcia and Gage 1998, Obrycki et al. 2000). Overall, we found the 
exotic coccinellid species, H. axyridis, to be the most responsive to low and high prey levels. 
It survived low prey levels (with increased development time) which C. septempunctata 
could not and increased in body size consistently as prey levels increased. However, the 
native species, Coleomegilla maculata, maybe at an advantage at low prey levels because it 
had high survival and the fastest development time. Obrycki et al. (1998c) found that when 
C. septempunctata and Coleomegilla maculata larvae were paired in field cages at low prey 
levels, C. septempunctata did not survive but a small number of Coleomegilla maculata 
completed development. Maternal sources of each species influenced the preimaginal 
development time and adult size. Additional studies are needed to understand the phenotypic 
plasticity of these life history characteristics, which may increase our knowledge as to how 
these species interact under different environmental conditions. 
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Table 1. The average weight (m~) of winless Acrvthosinhon pisum uer diet treatment. 
Sampler 1 aphid 2 aphids 4 aphids 10 aphids 
1 1.3 2.1 4.7 13.6 
2 1.0 2.3 4.4 13.7 
3 1.1 2.3 4.1 1 2.0 
4 1.2 2.2 4.5 11.9 
5 1.0 2.2 4.4 11.6 
6 1.1 2.2 4.4 12.6 
Average 1.1 2.2 4.4 12.6 
Standard deviation 0.1 0.1 0.2 0.9 
1 Each sample included the number of aphids in each treatment. For example, sample 1 for 10 aphids was the 
weight fora group of 10 large aphids. 
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Table 2. Percent survival to adult stage and sex ratio (female: male) for Coleomegilla maculata, H. axyridis, 
and C. septempunctata reared on A. pisum, pea aphids, in trial 1 and trial 2. 
. Tnal Aphids per Day Harmonia axyridts Coleomegilla maculata Coccinella septempunctata 
1 1 0% 0% 0% 
1 2 0% 20% (3:0) 0% 
1 10 94% (5:8) 47% (3:2) 50% (4:3) 
2 2 70% (1:3) 70% (2:3) 0% 
2 4 85% (1:1) 75% (7:4) 10% 
2 10 85% (5:9) 50% (7:2) 85% (5:11) 
2 20 85% (8:7) 85% (l:l) 95% (1:1) 
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Table 3. P values (two-way analysis of variance) for the response to prey levels and maternal sources for each 
species in trial 2. 






Survival Prey Levels 0.1260 <0.0001 0.6497 
Maternal Source 0.0045 0.2834 0.9041 
Development 
Time 
Prey Levels <0.0001 <0.0001 <0.0001 
Maternal Source <0.0001 0.0003 0.0467 
Adult Weight Prey Levels <0.0001 0.0007 <0.0001 
Maternal Source <0.0001 0.0232 0.2179 
Elytral Length Prey Levels <0.0001 0.0155 0.0043 
Maternal Source <0.0001 0.7362 0.0115 
Elytral Width Prey Levels <0.0010 0.1297 0.0049 
Maternal Source <0.0001 0.3122 0.0843 
Elytral Shape Prey Levels 0.2971 0.3302 0.0059 
Maternal Source ---- ---- * 0.0631 
* Maternal sources were not included in elytral shape analysis of Coleomegilla maculata and Coccinella 
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CHAPTER 3. LARVAL INTERACTIONS AMONG COLEOMEGILLA MA CULA TA, 
HARMONIA AXYRIDIS, AND COCCINELLA SEPTEMPUNCTA TA 
A paper to be submitted to Oecologia 
Susan E. Moser &John J. Obrycki 
Abstract 
Introduced coccinellids may compete indirectly with native coccinellid species for 
shared resources and directly by intraguild predation. To examine how aphid prey levels 
influenced interspecific interactions, larvae of Coccinella septempunctata L., Harmonia 
axyridis Pallas, and Coleomegilla maculata De Geer were paired or placed in groups 
containing three larvae and fed several levels of pea aphids, Acyrthosiphon pisum Harris. 
Survival, development time, adult weight, and elytral length and width of individuals were 
measured. At high prey levels (10 and 20 aphids per larva), each species survival decreased 
when caged with one or more potential competitors. Depending on the prey level, C. 
septempunctata and Coleomegilla maculata had the lowest survival when paired with H. 
axyridis. Harmonia axyridis survival was not influenced by the species with which it was 
caged and had the highest survival of the three species. Harmonia axyridis and C. 
septempunctata development time decreased when caged with one or more species regardless 
of aphid prey level. When C. septempunctata, Coleomegilla maculata, and H. axyridis 
larvae were caged together and supplied with low prey levels (2 aphids per larva), only H. 
axyridis decreased its development time. Coccinella septempunctata and H. axyridis adult 
weights were lower when caged with each other rather than when paired with Coleomegilla 
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maculata. Intraguild predation occurred among these species but how each responded to 
competitors varied with species, aphid prey levels, and number of interacting larvae. 
Introduction 
Many aphidophagous coccinellid species are generalist predators that may feed on 
homopterous insects, and are typically considered beneficial (Storer and Usinger 1965, Day 
et al. 1994, Iperti 1999). Recently, however, the effects of introduced aphidophagous 
coccinellids on native coccinellid species have been scrutinized (Evans 1991, Day et al. 
1994, Wheeler and Hoebeke 1995, Elliott et al. 1996, Brown and Miller 1998, Colunga-
Garcia and Gage 1998, Obrycki et al. 2000). Both Harmonia axyridis Pallas (Coleoptera: 
Coccinellidae) and Coccinella septempunctata L. (Coleoptera: Coccinellidae), exotic species 
introduced for biological control, have been implicated in the displacement of native 
coccinellid species (Obrycki et al. 1987, Evans 1991, Giles et al. 1994, Wheeler and Hoebeke 
1995, Elliott et al. 1996, Brown and Miller 1998, Colunga-Garcia and Gage 1998, Iperti 
1999,Obrycki et al. 2000, Michaud 2002). For example, Brown and Miller (1998) found C. 
septempunctata displaced native coccinellids from West Virginia apple orchards and became 
the dominant coccinellid species from 1989 through 1994. First collected in apple orchards 
in 1994, H. axyridis was the dominant coccinellid species from 1995 through 1996 (Brown 
and Miller, 1998). Harmonia axyridis populations increased at the same time C. 
septempunctata populations decreased, leading to the conclusion that H. axyridis displaced 
C. septempunctata (Brown and Miller, 1998). . Following the establishment of C. 
septempunctata in South Dakota, declines in populations of the native coccinellid species 
Coccinella transversoguttata richardsoni Brown and Adalia bipunctata L. were observed 
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(Elliott et al., 1996). Furthermore, the addition of C. septempunctata did not increase total 
coccinellid populations and therefore, may not have increased biological control of aphids 
(Elliott et al, 1996). 
Competition for shared resources, for example, aphid prey, may occur among 
coccinellid species (Bellows and Hassell, 1999). The species better adapted for obtaining 
this resource would be more likely to survive, while the inferior competitor may decline in 
numbers (Evans, 1991). Intraguild predation occurs among predators that share common 
prey species and are capable of feeding on each other (Rosenheim et al., 1995). At low prey 
densities, intraguild predation among generalist predators may increase because they maybe 
utilizing different sources of prey (Dixon 2000, Burgio et al. 2002, Symondson et al., 2002). 
Intraguild predation previously has been documented to occur among several coccinellid 
species (Chapter 1, Table 1). 
The degree and severity of intraguild predation among species maybe influenced by 
several factors. These may include feeding specificity, mobility, aggressiveness, and 
extraguild prey (Lucas et al., 1998). Extraguild prey is defined as prey other than the species 
directly involved in the intraguild predation (Lucas et al., 1998). The outcome of an 
interaction between coccinellid larvae also maybe influenced by the body size of the 
intraguild predators (Lucas et al., 1998). Larger species maybe more likely to attack smaller 
species (Lucas et al. 1998). In a laboratory study, the larger coccinellid larva was usually 
superior when intraguild predation took place between H. axyridis and Coleomegilla 
maculata De Geer (Coleoptera: Coccinellidae) (Cottrell and Yeargan, 1998). Other species 
also may have physical or behavioral characteristics that influence the likelihood of attack. 
For instance, C. septempunctata larvae were found to be more vulnerable to predation by the 
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crab spider, Misumenops tricuspidatus (Fabricius) than H. a~yridis larvae (Yasuda and 
Kimura, 2001). Decreased predation on H. axyridis larvae maybe caused by long sensory 
hairs located on the dorsal surface of the larvae (Yasuda and Kimura, 2001). 
The objective of this study was to examine the effects of prey density on intraguild 
predation and competition for aphid prey among three coccinellid species, H. axyridis, C. 
septempunctata, and Coleomegilla maculata, when encountering a range of prey levels as 
immatures. This study builds upon a previous analysis by Obrycki et al. (1998a) by adding 
the species H. axyridis to the studies design. The responses measured to assess competition 
and intraguild predation were larval survival, larval and pupal development time, elytral 
length, elytral width, and adult weight. The pea aphid, Acyrthosiphon pisum (Harris) 
(Homoptera: Aphididae) was used as prey for the three coccinellid species (Hodek and 
Honek 1996, Obrycki et al. 1998a). 
Materials and Methods 
Collection and Handling of Adults 
Adult Coleomegilla maculata and C. septempunctata were collected in central Iowa 
in fa112000 (trial 1) and fa112001 (tria12). Harmonia axyridis were collected in Amboy, 
Illinois in October 2000 (trial 1) and in Fayetteville, New York during fa112001(trial2). 
Adults were maintained in 0.5-pint paper cages (Neptune Paper Products, Jersey City, NJ) at 
22.8°C ~ 0.08°C with a photoperiod of L: D 16:8 h in trial 1 and at 25.4°C f 0.06°C with a 
photoperiod of L: D 16:8. Temperature was recorded every hour using a HOBOO recorder 
(Onset Computer Corporation, Bourne, MA). Water was supplied in acotton-plugged glass 
vial. Adults were fed pea aphids, Acrythosiphon pisum Harris (Homoptera: Aphididae), and 
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green peach aphids, Myzus pe~sicae Sulzer (Homoptera: Aphididae), and a 1:1 mixture of 
honey and Wheast® (Qualcepts, Minneapolis, MN, USA). The A. pisum were raised on fava 
beans, Vicia faba L., while the M. persicae were raised on Chinese cabbage, Brassica 
pekinensis. Adult Coleomegilla maculata were also fed an artificial diet manufactured by 
Integrated BioControl Systems (Aurora, IN). Females of each species were separated into 
individual cages after mating and checked daily for egg masses. 
Experimental Design 
Larvae were placed into a treatment within 30 hours of eclosion and reared in 0.5-pint 
paper cages at 24.5°C ~ 1.5°C with a photoperiod of 16:8 (L: D). Cages contained one, two, 
or three larvae of each species and were fed 2, 10, or 20 aphids per larva each day. If one or 
more larvae died during the study, the number of aphids supplied to that cage was not 
reduced. Larvae were systematically placed into the 9 treatments and placed in the same 
cage only if they eclosed within 24 hours of each other, conspecifics were not paired. 
Obrycki et al. (1998a) quantified conspecific interactions for C. septempunctata and 
Coleomegilla maculata. The nine treatments were (Table 2): (1) 1 larva per cage of each 
species (Coleomegilla maculata, H. axyridis, C. septempunctata), supplied with 2 aphids per 
larva per day; (2) 2 larvae per cage (one of each species) supplied with 4 aphids per day (2 
aphids per larva); (3) 3 larvae per cage (one of each species) supplied with 6 aphids per day 
(2 aphids per larva); (4) 1 larva per cage of each species supplied with 10 aphids per day (10 
aphids per larva); (5) 2larvae per cage (one of each species) supplied with 20 aphids per day 
(10 aphids per larva), (6) 3 larvae per cage (one of each species) supplied with 30 aphids per 
day (10 aphids per larva); (7) 1 larva per cage of each species supplied with 20 aphids per 
~o 
day (20 aphids per larva); (8) 2larvae per cage (one of each species) supplied with 40 aphids 
per day (20 aphids per larva), (9) 3 larvae per cage (one of each species) supplied with 60 
aphids per day (20 aphids per larva). Treatments 1, 4, and 7 had no potential competitors and 
acted as controls for comparisons to the other treatments. Treatments 2 and 3 demonstrated 
the effects of low prey levels on the interactions between the species. Treatments 5, 6, 8, and 
9 were designed to show the effect of unlimited prey availability on interspecific interactions. 
For each species, larvae were obtained from at least three different maternal sources 
in each trial. The number of replications (cages) varied because of availability of egg masses 
in each trial (Table 2). Species were synchronized to eclose on similar days by manipulating 
temperatures and moving egg masses to higher or lower temperatures. Water was supplied to 
larvae in a glass tube plugged by cotton. Each treatment consisted of different numbers of 
adult, wingless, pea aphids (2, 10, or 20) fed per larva each day until pupation for each 
coccinellid species (Table 1). Larvae were fed daily and examined for survival, pupation, 
and molting until eclosion as adults. Aphids that were not eaten and partially consumed 
aphid remains from the previous day, along with larval fecal matter, were removed each day. 
Pupae that took longer than 14 days to eclose were removed and considered dead. Newly 
emerged adults were supplied with water and frozen at -7.8 °C ~ 2.0°C within 36 hours of 
eclosion. 
Frozen adults were weighed to the nearest 0.01 mg using a Mettler AE 100 analytical 
balance. Total development time was calculated as the number of days from egg eclosion to 
adult eclosion. Time between each instar was measured in days between each larval molt. 
Elytral length and width measurements were not measured in trial 1 but were determined in 
tria12 with an Olympus SZH zoom stereomicroscope at lOX magnification. A stage 
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micrometer was used to measure the elytra in millimeters. Voucher specimens of 
Coleomegilla maculata, C. septempunctata, H. axy~idis, and A. pisum were deposited in the 
Iowa State University Insect Museum, Department of Entomology, Iowa State University, 
Ames, IA, 5 0011, USA. 
Statistical Analysis 
In the statistical analysis of adult weight, developmental time, elytral length and 
elytral width, the potential competitors) the larva was paired or grouped with were placed 
into one of two categories (a and b). These categories were used to account for larvae that 
fed on more aphids, resulting from the death of the potential competitor. For example, if one 
C. septempunctata was paired with one Coleomegilla maculata larva, the type of potential 
competitor would either be Coleomegilla maculata larva (a) or Coleomegilla maculata larva 
(b), depending on when the Coleomegilla maculata died. The first category (a) included 
surviving larvae whose competitors) died before reaching the third instar and the second 
category (b) included larvae whose competitors) died after reaching the 3rd instar or pupated. 
For treatments 3, 6, and 9, if one or more immatures reached the 3rd instar other than the 
surviving larva, it was placed in the (b) category. To be included in the statistical model, > 3 
adults were required for each category within the effect of potential competitors. Treatments 
not included for each prey level and species are listed in Table 3. 
A three-way factorial analysis of variance (JMP 5.0, 2002) was used to compare 
effects of trial, prey density and competitors on development time, percent survival, and adult 
weight for H. axyridis, Coleomegilla maculata and C. septempunctata. Larvae did not 
develop into adults in each competitor category within each prey level, so the effect of 
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potential competitor was nested within the prey levels for the statistical analysis on each 
response. The interaction between trial and competitors was removed from the model 
because each competitor category was not found in each trial. An aresin transformation was 
performed on the percent survival data to stabilize variances. A two-way factorial analysis of 
variance (JMP 5.0, 2002) was used to compare the effects of prey density and competitors on 
elytral length and width for H. axyridis, Coleomegilla maculata, and C. septempunctata. For 
C. septempunctata, treatments, including the feeding level of 2 aphids per larvae, were not 
included in statistical analysis because of low survivorship (7 adults). Contrasts among 
treatment means (JMP 5.0, 2002) were used to allow for comparisons among treatments. 
Least Squares Means Differences Tukey (HSD) analysis (JMP 5.0, 2002) was performed for 
the potential competitors. All tests were done at the p=0.05 level of significance. 
Results 
The responses of survival, development time, and body size (adult weight, elytral 
length, elytral width) will be presented separately; each paragraph focuses on a different 
species. High prey levels are 10 and 20 aphids per larva per day and low prey levels are 2 
aphids per larva per day. The category (a orb) following the potential competitor indicates 
when the potential competitor died. If the potential competitor died, the level of aphid prey 
the cage received was not decreased. Therefore, the remaining larvae) had access to 
additional prey resources. To account for this, the categories (a) and (b) were added. The 




Potential competitors (p<0.03) and prey density (p<0.01) influenced H. axyridis 
survival (Table 4). Harmonia axyridis had higher survival when fed high prey levels 
(79.0%) than when fed low prey levels (62.3%) (p<0.01, Figure 1). At high prey levels, H. 
axyridis survival was higher when alone rather than when caged with one or more species 
(p<0.01, Figure 1). However, when fed low prey levels, there was no difference in survival 
of H. axyridis when alone or caged with one or more competitors (p=0.35, Figure 1). 
Survival was not influenced when H. axyridis larvae were reared with one competitor 
compared with two competitors at low or high prey levels (Tables 5, 6). Harmonia axyridis 
survival was not influenced by the species with which it was caged at low or high prey levels 
(Table 5). Highest survival occurred when H. axyridis was alone and fed 20 A/L/D (100%) 
while the lowest survival occurred when H. axyridis was alone and fed 2 A/L/D (56.5%) 
(Table 6). Survival was also low when H. axyridis larvae were caged with C. 
septempunctata and Coleomegilla maculata and fed 2 or 10 A/D/L (p<0.05, Table 6). 
The interaction between trial and prey density was significant for C. septempunctata 
survival; however, there was no difference in percent survival at each prey level in trial one 
compared with the percent survival at each prey level in trial two (p<0.01, Table 4). Prey 
density influenced C. septempunctata survival; survival was higher at high prey levels 
(51.3%) than at low prey levels (5.6%) (p<0.01, Figure 1). At high prey levels, C. 
septempunctata survival was higher when alone rather than when caged with one or more 
species (p<0.01, Figure 1). However, when fed low prey levels, there was no difference in 
survival of C. septempunctata when alone or caged with one or more competitors (p=0.41, 
Figure 1). There was no difference in survival when C. septempunctata larvae were reared 
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with one competitor compared with two competitors at low or high prey levels (Table 5). 
Coccinella septempunctata survival was not influenced by the species with which it was 
caged at low prey levels (p=0.65, Table 7). At high prey levels, C. septempunctata survival 
was higher when caged with Coleomegilla maculata (57.7%) than when caged with H. 
axyridis (8.2%) (p<0.01, Table 7). When C. septempunctata was caged with H. axyridis, 
survival was low (<12%) regardless of the A/L/D (p<0.05, Table 7). 
The number of aphid prey provided did not affect the survival of Coleomegilla 
maculata; however, the interaction between trial and potential competitors was significant 
(Table 4). The interaction was significant, in part, because Coleomegilla maculata survival 
was higher in trial 1 (98.7%) than tria12 (36.5%), when larvae were alone and fed low prey 
levels. Coleomegilla maculata survival was higher when alone rather than when caged with 
one or more species at low and high prey levels (Table 5, Figure 1). At high prey levels, 
Coleomegilla maculata survival decreased when caged with two larvae, compared to one 
larva, but there was no difference between these treatments at low prey levels (Table 5). 
When prey levels were high, Coleomegilla maculata survival was similar whether the 
Coleomegilla maculata larvae were caged with H. axyridis or C. septempunctata (p=0.12, 
Table 8). However, at low prey levels, Coleomegilla maculata survival was lower when 
caged with H. axyridis (9.4%) rather than C. septempunctata (37.7%) (p<0.01, Table 8). 
Development Time (1St instar to adult) 
The interaction between trial and prey density was significant for H. axyridis 
development time; development time was longer in trial 2 by 5.6 days than in trial 1 when 
larvae were fed low prey levels (p<0.01, Table 4). The average temperature was 2.6°C 
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higher in trial 1, which may have lead to this discrepancy. Harmonia axyridis had shorter 
development time when fed high prey levels (16.8 days) than when fed low prey levels (24.7 
days) (p<0.01, Table 6). Potential competitors also influenced H. a~yridis development time 
(p<0.01, Table 4). At high and low prey levels, H. axyridis development time was longer 
when alone rather than when caged with one or more species (Table 5). Development time 
was not influenced when H. axyridis larvae were reared with one competitor compared with 
two competitors at high prey levels (p=0.11). At low prey levels, development time was 
faster if caged with two competitors rather than one (p<0.01, Table 6). Harmonia axyridis 
development time was not influenced by the species it was caged with at low or high prey 
levels (Table 5). When the competing larvae died did not influence the development time if 
larvae were fed high prey levels (p=0.27). There were no circumstances in which ~I. axyridis 
survived and the competing larvae survived to its 3ra instar. The longest development time 
occurred when H. axyridis larvae were alone and fed low prey levels (31.8 days) (Table 6). 
There was no difference in development time when H. axyridis larvae were fed between 10 
and 20 A/L/D, regardless of the potential competitors with which H. axyridis larvae were 
caged (p<0.05). 
The trial and potential competitors influenced C. septempunctata development time, 
in which the mean development time in tria12 was 4 days longer than development time in 
trial 1 (Table 4). Coccinella septempunctata development time was longer when alone rather 
than when caged with one or more species (p<0.01). Because survival of C. septempunctata 
was low when fed 2 A/L/D, statistical analysis includes high prey levels but not low prey 
levels (Table 7). Development time was not influenced when C. septempunctata larvae were 
reared with one competitor compared with two competitors (p=0.69, Table 5). Coccinella 
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septempunctata development time also was not influenced by the species with which it was 
caged, when the competing larvae died, or when fed 20 A/L/D rather than 6 A/L/D (Table 5). 
The interaction between trial and prey density was significant for Coleomegilla 
maculata development time, in which development time was longer in tria12 at each prey 
level (p<0.01, Table 4). In each trial, development time decreased with increased prey 
(p<0.05, Table 8). Coleomegilla maculata had shorter development time when fed high prey 
levels (16.2 days) than when fed low prey levels (19.1 days) (p<0.01). Potential competitors 
also influenced Coleomegilla maculata development time (p<0.01, Table 4). Coleomegilla 
maculata development time decreased when caged with one or more competitors at low prey 
levels, but was not influenced at high prey levels (Table 5). However, development time was 
not affected if Coleomegilla maculata larvae were reared with one competitor compared with 
two competitors at low or high prey levels (Table 5). Coleomegilla maculata development 
time was not influenced by the species it was caged with at high prey levels (p=0.59). 
Sample size was not equal to or greater than three for Coleomegilla maculata individuals 
when caged with H. axyridis larvae at low prey levels, so we were unable to compare 
development time between those caged with H. axyridis and those caged with C. 
septempunctata at these prey levels. At high prey levels, Coleomegilla maculata 
development time was not influenced by when the competing larvae died; however, at low 
prey levels, development time was longer when the competing larvae died before their 3ra 
instar (Table 5). 
Body Size (Adult Weight, Elytral Length, and Elytral Width) 
~~ 
Prey density and the potential competitor influenced body size (adult weight, elytral 
length and elytral width) of H. axyridis (Table 4). Harmonia axyridis adult weight and 
elytral length increased with increasing prey levels (Table 6). Elytral width increased when 
prey increased from 2 A/L/D to 10 A/L/D, but not from 10 A/L/D to 20 A/L/D (p<0.05, 
Table 6). At low and high prey, H. axyridis adult weight and elytral length were larger when 
larvae were caged with one or more larvae (Table 5, Figures 2, 3). Elytral width increased 
when larvae were caged with one or more larvae at low prey levels but was not influenced 
when fed high prey levels (Table 5, Figure 3). Adult weight was higher when H. axyridis 
larvae were caged with two larvae rather than one larva at low and high prey levels (Table 5, 
Figure 2). Elytral length decreased when H. axyridis larvae were caged with two larvae 
rather than one larva at high prey levels and was longer when caged with two larvae and fed 
low prey levels (Table 5, Figure 3). Elytral width was longer when H. axyridis larvae were 
caged with two competitors at low prey levels but was not influenced at high prey levels 
(Table 5, Figure 3). At high prey levels, adult weight of H. axyridis was higher when caged 
with Coleomegilla maculata rather than C. septempunctata but was not influenced when fed 
low prey levels (Table 5, Figure 2). The potential competitor with which H. axyridis larvae 
were caged did not influence the elytral size (elytral length and width) (Table 5). The time in 
which the competing larvae died did not influence body size when H. axyridis larvae were 
fed high prey levels (Table 5). At low prey levels, the sample size was not large enough to 
statistically test if body size was influenced by when the competing larvae died. 
Potential competitors and prey density influenced adult weight of C. septempunctata, 
but not elytral size (Table 4). Because of low survival when fed 2 A/L/D, statistical analysis 
includes high prey levels but not low prey levels. Elytral width and adult weight increased if 
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C. septempunctata larvae were caged with one or more larvae rather than when alone (Table 
6, Figure 4). The number of competitors with which C. septempunctata larvae was caged did 
not influence the elytral length (Table 5). Coccinella septempunctata adult weight increased, 
but elytral width was not influenced when larvae were caged with two competitors larvae 
rather than one (Table 5, Figure 4). Adult weight was higher when caged with Coleomegilla 
maculata rather than H. axyridis larvae (P<0.01, Figure 4). The species with which C. 
septempunctata larvae were caged did not influence elytral size (Table 5). Body size was not 
influenced when the competing larvae died (Table 5). 
Prey density influenced Coleomegilla maculata adult weight; weight was higher 
when larvae were fed high prey levels compared with low prey levels (p<0.01, Table 4). 
Body size was not influenced by the potential competitors and elytral size was not affected 
by the prey density (Table 4). Body size was not influenced if Coleomegilla maculata larvae 
were alone or caged with one or more competitors at low or high prey levels or when caged 
with one versus two competitors at high prey levels (Table 5). Sample size was not equal to 
or greater than 3 for Coleomegilla maculata individuals when caged with H. axyridis larvae 
at low prey levels, two competitors at low prey levels, or when the competing larvae died at 
high prey levels. When Coleomegilla maculata larvae were fed low prey levels, when the 
competing larvae died did not influence the body size (Table 5). 
Discussion 
Large aphid fluctuations occur in the field and aphidophagous coccinellid larvae will 
likely encounter situations where food levels are low (Wagner et al., 1999). When high prey 
densities are in short supply, predators that feed on a wide variety of prey maybe more 
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evolutionary successful than those which are more restricted in prey choice (Symondson et 
al., 2002). For example, Coleamegilla maculata is an abundant species in Iowa that 
completes development on many species of insect eggs, pollen, small coccinellid larvae, and 
aphids (Giles et al. 1999, Mallampalli et al. 2002). If prey levels are low in the field, the 
ability to survive by feeding on heterospecifMic or conspecifMic larvae may result in a 
competitive advantage over coccinellids without this behavior (Michaud, 2002). The most 
common coccinellids in Iowa alfalfa, H. axyridis, C. septempunctata, and Coleomegilla 
maculata, have been shown to prey on each other in previous laboratory studies (Cottrell and 
Yeargan 1998, Obrycki et al. 1998a, Phoofolo and Obrycki 1998, Chapter 4 results). By 
participating in intraguild predation, a predatory species may directly gain an additional prey 
source and indirectly gain more aphid prey by attacking the competing species (Lucas et al., 
1998). 
Survival 
The degree and severity of intraguild predation among coccinellid species maybe 
influenced by available aphid prey (Dixon, 2000). It has been suggested that decreasing prey 
levels may increase intraguild predation among coccinellids (Dixon, 2000). Yet, there are 
several examples of intraguild predation occurring despite the presence of abundant 
extraguild prey (Sengonca and Frings 1985, Phoofolo and Obrycki 1998, Mallampalli et al. 
2002, De Clercq et al. 2003). For example, intraguild predation between Chrysoperla 
rufilabris Burmeister (Neuroptera: Chrysopidae) and Coleomegilla maculata decreased when 
additional prey was added and both were 1st instars (Lucas et al., 1998). However, the effect 
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of additional prey did not decrease intraguild predation rates between 3rd instar lacewings 
and 1st instar coccinellids (Lucas et al., 1998). 
We observed that the influence of prey level varied with the predatory species and the 
presence of potential competitors. Higher prey density increased the survival of H. axyridis 
and C. septempunctata, but did not affect Coleomegilla maculata survival. At high prey 
levels, survival of each species decreased when caged with one or more species rather than 
when alone. This is in disagreement with a previous study that showed that high prey levels 
(20 aphids/day) prevented negative interactions between C. septempunctata and 
Coleomegilla maculata (Obrycki et al., 1998a). The presence of potential competitors 
resulted in prey competition and intraguild predation, which caused lower survival for both 
species. Observations of intraguild predation were made directly and indirectly by removal 
of partially consumed larvae among each of the three species. 
A previous study showed that C. septempunctata survival increased when paired with 
Coleomegilla maculata at low prey levels (1 aphid per day) (Obrycki et al., 1998a). When 
immatures were fed low prey levels, we expected survival to increase when paired with one 
or more larvae because the additional larvae and its aphid prey maybe used as a prey source. 
However, there was no difference in H. axyridis or C. septempunctata survival when larvae 
were alone or caged with one or more competitors. The prey acquired by the removal of the 
competing larvae may have been insufficient to increase their survival. Survival of 
Coleomegilla maculata decreased when paired with one or more larvae at low prey levels, 
indicating that it was out-competed for prey or preyed upon by the other species. 
Harmonia axyridis survival was not influenced by the species with which it was 
caged at low or high prey levels and in general had the highest survival of the three species. 
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Depending on prey level, C. septempunctata and Coleomegilla maculata had the lowest 
survival when paired with H. axyridis. When prey levels were high, Coleomegilla maculata 
survival was similar whether it was caged with H. axyridis or C. septempunctata but at low 
prey levels, Coleomegilla maculata larvae had lower survival when caged with H. axyridis. 
This maybe because H. axyridis is more competitive with Coleomegilla maculata than C. 
septempunctata at these prey levels. Previous laboratory studies have shown that 
Coleomegilla maculata and H. axyridis survive at low prey levels while C. septempunctata 
could not (Hironori and Katsuhiro 1997, Chapter l ,Results). However, Obrycki et al. 
(1998a) observed 33% of immature C. septempunctata survived on 1 pea aphid per day and 
83% survived when fed 2 aphids per day. We observed that C. septempunctata had 
decreased survival at low prey levels when reared alone or caged with one or more larvae, 
and was not influenced by the species of the competing larvae. 
Development Time 
Larger coccinellid larvae may have a competitive advantage over smaller larvae. 
Intraguild predation by a larger species on a smaller species has been observed frequently 
(Sengonca and Frings 1985, Agarwala and Dixon 1992, Lucas et al. 1998, Mallampalli et al. 
2002). For instance, larger Coleomegilla maculata larvae prey on smaller H. axyridis larvae 
but if they are paired at the same instar, H. axyridis larvae will prey on Coleomegilla 
maculata (Cottrell and Yeargan, 199$). Faster development time maybe beneficial for 
coccinellid immatures by allowing them to increase body size and reach the adult stage 
faster. 
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Decreasing aphid prey levels may increase larval development time of Coccinellidae 
(Hodek and Honek 1996, Dixon 2000). We observed that H. axyridis and Coleomegilla 
maculata had shorter development time when fed high prey levels than when fed low prey 
levels. Development time of each species was influenced by the potential competitor. 
Development time may have increased because of prey competition or decreased by 
acquiring the other species' allotted prey. Harmonia axyridis and C. septempunctata 
development time decreased when caged with one or more species, indicating that these 
species consumed more prey than their potential competitors. Coleomegilla maculata 
development time also decreased when caged with one or more competitors, but only at low 
prey levels. Coleomegilla maculata maybe more competitive at low prey levels than the 
other species by requiring less prey for development. When C. septempunctata, 
Coleomegilla maculata, and H. axyridis larvae were caged together and supplied with low 
prey levels, only developmental time of H. axyridis decreased. 
Body Size 
Differences in adult coccinellid size affect several characteristics of males and 
females, such as mating, searching behavior, food consumption, fecundity, and longevity 
(Kessler 1971, Ohgushi 1996). Decreasing food levels resulted in lower adult weight in 
several coccinellids while increased prey often have the opposite effect (Hodek and Honek 
1996, Dixon 2000). For instance, Sundby (1966) demonstrated that reduced prey 
consumption of C. septempunctata resulted in smaller adults. Our study indicates that adult 
weight of C. septempunctata decreased when prey levels decreased from 20 to 10 aphids per 
day but elytral size was not influenced by the prey levels or competitors. Obrycki et al. 
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(1998a) also observed C. septempunctata adult weight to decrease with decreased prey 
levels. However, Obrycki et al (1998a) observed that increasing larval aphid prey levels 
from 2 to >20 aphids per day (2.2 to 22.0 mg of aphids) did not increase adult weight of 
Coleomegilla maculata while our results found weight to increase from 2 to 20 aphids per 
day (6 to 60 mg of aphids) (Obrycki et al., 1998a). 
Previously, Evans (1991) demonstrated that C. septempunctata larvae reached a 
higher adult weight when reared alone than when paired with another coccinellid species. 
However, we observed that C. septempunctata and H. axyridis weight increased as the 
number of larvae per cage increased. These species maybe efficient competitors and weight 
increases may have been caused by the higher amounts of prey acquired. Coccinella 
septempunctata and H. axyridis adult weights were lower when caged with each other rather 
than when paired with Coleomegilla maculata, indicating that they were able to acquire more 
prey when caged with Coleomegilla maculata through intraguild predation or competition 
than when caged with each other. The potential competitor that Coleomegilla maculata 
larvae were caged with did not influence their adult weight. 
It has been hypothesized previously that native coccinellids are declining because 
exotic coccinellids out-compete them for prey. Native species body size may then decrease 
because of lack of prey obtained as larvae. However, a field study has shown that native 
coccinellids were not smaller in adult size, indicating that larval prey consumption had not 
been affected (Evans, 2000). Evans (2000) hypothesized that the body size may remain the 
same because coccinellid larvae utilize alternative prey sources and cannibalism. Our 
laboratory results do not support this hypothesis because the native species used in this study, 
Coleomegilla maculata, decreased in body size with the addition of another predator. A prior 
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study did not find a difference in C. septempunctata adult weight when larvae when paired 
with Coleomegilla maculata larvae (Obrycki et al., 1998a). However, our results show that 
C. septempunctata and H. axyridis adult weight tended to increase when larvae were paired 
with Coleomegilla maculata larvae. It would then be possible that when these species share 
a similar habitat, Coleomegilla maculata may not become smaller, but C. septempunctata 
and H. axyridis may become larger. Our study demonstrated that Coleomegilla maculata 
survival was reduced when caged with either of these species because of intraguild predation 
or competition. Utilizing Coleomegilla maculata as a food source may lower Coleomegilla 
maculata populations and indirectly increase populations of H. axyridis and C. 
septempunctata by increasing their body size. An increase in female body size often 
corresponds with an increase in fecundity (Hodek and Honek 1996). 
Conclusion 
If larvae of different species share the same foraging area, the more competitive 
beetle may increase, while the inferior species may decline in numbers (Evans, 1991). 
Harmonia axyridis, C. septempunctata, and Coleomegilla maculata varied in their response 
to competitors and at times these responses were dependent on the prey level. However, if 
larvae of these three species share the same habitat, H. axyridis would likely out-compete the 
other two species. A previous study has shown that H. axyridis maybe highly adapted for 
competing with other coccinellids but the intensity of the competition maybe species 
specific (Michaud 2002). In this study, H. axyridis had consistently high survival when 
paired with C. septempunctata, Coleomegilla maculata, or both species. If Coleomegilla 
maculata and C. septempunctata larvae were to occupy the same habitat at the same time, the 
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species most likely to survive may depend on the aphid density because C. septempunctata 
did not tolerate low prey levels in this study. Adults and immatures of Coleomegilla 
maculata and C. septempunctata have previously been collected in spring alfalfa in Iowa 
(Obrycki et al., 1998b). However, because of the lack of Coleomegilla maculata immatures 
in alfalfa in Iowa during 2001 and 2002, interactions would likely not occur with H. cracyridis 
or C. septempunctata, although they may occur in other habitats (Chapter 4 results). 
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Table 1. The average weight (m~) of winless Acrvthosiphon pisum uer diet treatment. 
Sample3 1 aphid 2 aphids 4 aphids 10 aphids 
1 1.3 2.1 4.7 13.6 
2 1.0 2.3 4.4 13.7 
3 1.1 2.3 4.1 1 2.0 
4 1.2 2.2 4.5 11.9 
5 1.0 2.2 4.4 11.6 
6 1.1 2.2 4.4 12.6 
Average 1.1 2.2 4.4 12.6 
Standard 
deviation 
0.1 0.1 0.2 0.9 
3 Each sample included the number of aphids in each treatment. For example, sample 1 for 10 aphids was the 
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CHAPTER 4. POPULATION OF COCCINELLIDAE IN ALFALFA FIELDS IN 
CENTRAL IOWA 
A paper to be submitted to Biological Control 
Susan E. Moser &John J. Obrycki 
Organization of Paper and Appendices 
The focus of this paper is on adult coccinellid and aphid populations in central Iowa. 
Data on parasitism, adult body size, and immature coccinellids collected during this study are 
included in the corresponding appendices A, B, and C. Appendix A includes data collected on 
parasitoids and mites found attacking the field-collected adults. Appendix B compares size 
measurements of field-collected Coleomegilla maculata, Coccinella septempunctata, and Harmonia 
axyridis adults to individuals reared in laboratory conditions when fed varying prey levels. Appendix 
C summarizes Coleomegilla maculata, C. septempunctata, and H. axyridis immatures collected 
during the study. 
Abstract 
In 2001 and 2002, coccinellid adults and aphids were sampled from four alfalfa fields 
in central Iowa. The aphid species, Acyrthosiphon pisum Harris, Therioaphis maculata 
Buckton, and Aphis craccivora Koch, an aphid species new to Iowa, were collected both 
years. Adults of native coccinellid species included: Coleomegilla maculata De Geer, 
Cycloneda munda Say, Hippodamia convergens Guerin-Meneville, Hippodamia parenthesis 
Say, Hippodamia tredecimpunctata Say, and two introduced species: Coccinella 
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septempunctata L. and Harmonia axyridis Pallas were collected. In both years, C. 
septempunctata adults were present in the alfalfa fields throughout most of the season, while 
Coleomegilla maculata was found in May and June and H. axyridis was present in July and 
August. 
In previous studies, 77% of the coccinellids collected in Iowa alfalfa were native. In 
2001 and 2002, native species accounted for approximately 58% of the adults collected in 
alfalfa. During both years, over 87% of the adults collected included C. septempunctata, 
Coleomegilla maculata and H. axyridis. Because of temporal occurrence in alfalfa, 
interactions between Coleomegilla maculata and H. axyridis were not likely, but C. 
septempunctata was present from May to August and may interact with both species. 
Introduction 
The alfalfa habitat in Iowa may contain over 10 species of predacious Coccinellidae 
(Obrycki et al., 2000). The most common species in alfalfa in Iowa include the native 
species Coleomegilla maculata De Geer (Coleoptera: Coccinellidae) and the exotic 
coccinellid species, Coccinella septempunctata L. (Coleoptera: Coccinellidae) (Giles et al., 
1999). Coleomegilla maculata is a generalist coccinellid native to the United States (Obrycki 
et al., 2000). In Iowa, Coleomegilla maculata is commonly found in corn and alfalfa fields 
(Giles et al., 1994). The seven-spotted lady beetle, C. septempunctata, is an aphidophagous 
coccinellid originating from Europe, Asia, and parts of North Africa (Phoofolo, 1993). 
Coccinella septempunctata is distributed throughout the continental United States and is one 
of the most prevalent ladybeetles in alfalfa (Elliott et al. 1996, Ormord 1994). Since the mid 
1990's, the exotic species, Harmonia axyridis Pallas (Coleoptera: Coccinellidae) has also 
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been observed in Iowa (Obrycki 2003, unpublished data). Harmonia axyridis, the 
multicolored Asian lady beetle, is a predatory, semi-arboreal species native to western Asia 
(Krafsur et al., 1997). It can be found throughout North America and is a predator of aphids 
in pecan, apple, sweet corn, citrus, and other crops (Krafsur et al. 1997, Michaud 2002). 
Intraguild predation has been observed in many agroecosystems, including perennial 
crops such as alfalfa (Rosenheim et al., 1995). Intraguild predation occurs between insects 
that compete for the same host and are able to feed on each other (Rosenheim et al., 1995). 
Laboratory and field studies have shown that C. septempunctata and H. axyridis larvae prey 
on Coleomegilla maculata (Obrycki et al. 1998, Cottrell and Yeargan 1998). 
Prey levels may have an integral role in interactions between coccinellids. Decreased 
aphid abundance may increase competitive interactions by increasing Intraguild predation 
and cannibalism in coccinellids (Dixon, 2000). When aphids numbers decrease, adult stages 
of coccinellids often will leave an area (Hodek 1973, Hodek and Honek 1996). However, the 
immature stages of lady beetles are restricted in their movements and therefore more likely to 
experience competition (Obrycki et al., 2000). Prey levels also may affect coccinellid 
populations by encouraging dispersal into or out of a field (Elliott et al. 1998). 
The diversity of coccinellids in the Midwestern United States has appeared to decline 
since the mid-1950s; the introduction of exotic coccinellids maybe related to this decline in 
agricultural habitats (Elliott et al. 1996, Obrycki et al. 2000). Similar declines have been 
observed in other regions of the United States (Evans 1991, Day et al. 1994, Wheeler and 
Hoebeke 1995, Brown and Miller 1998, Colunga-Garcia and Gage 1998). Declines in native 
coccinellid populations maybe the result of interspecific competition with exotic coccinellids 
(Obrycki et al. 2000, Symondson et al., 2002). Introduced coccinellids may compete with 
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native coccinellid species directly by intraguild predation and indirectly for shared resources 
(Ormord, 1994, Dixon 2000). Exotic species may cause decreasing levels of biodiversity 
through competitive interactions, predation, and transmission of diseases and parasites (Usio, 
2001). The objective of this study was to document the seasonal occurrence of exotic and 
native coccinellids occupying alfalfa and to compare the species complex found in alfalfa in 
2001 and 2002 to populations between 1987 and 1990. 
Materials &Methods 
Four alfalfa fields in central Ames, IA, U.S.A. were sampled weekly unless the field 
was cut that week; sampling resumed once the cut alfalfa was removed (Table 1). Each field 
was divided into four approximately equal-sized quadrates. Each week, two SO-sweep 
samples were taken randomly from each quadrate; eight samples per field per week. During 
spring 2001, samples were taken from May 1, until each field was cut (June 7). In late June, 
aphid and adult coccinellid numbers increased, which prompted further sampling. In July 
and August, samples were taken until fewer than 2 adult Coccinellidae were found in the 
maj ority of the samples per field for 2 weeks in a row. In May and June 2002, samples were 
taken until less than 2 adult Coccinellidae were found in the maj ority of the samples per field 
for 2 weeks in a row. 
Data recorded for each sample included date, time, location, sample number, current 
temperature, and the height of the alfalfa. Each sweep sample was immediately placed into a 
plastic bag, returned to the laboratory and frozen. All aphids, except Aphis craccivora Koch 
(Homoptera: Aphididae), collected in the samples were identified and counted individually. 
Because of high populations of A. craccivora collected in 2001, aphid numbers were 
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estimated by dividing the total weight of A. c~accivora by the average weight for 100 A. 
craccivora aphids (32.9 mg) and multiplying this number by 100. The average weight of 100 
A. craccivo~a aphids was found by averaging the weight of 3 samples of 100 aphids. In 
2002, populations of A. cr~accivora were lower, so this technique was not used. Aphids were 
counted individually along with the aphid species, The~ioaphis maculata Buckton 
(Homoptera: Aphididae), Acy~thosiphon kondoi Shinji (Homoptera: Aphididae), and 
Acyrthosiphon pisum Harris (Homoptera: Aphididae). 
Data collected for each coccinellid adult included: species, sex (determined through 
dissection), and the ovarian development stage of the females (determined through 
dissection). Because of high adult coccinellid numbers collected from July 26 to August 27 
in 2001, a randomly selected group of adults was measured and dissected from each species 
per sample in each field. This was determined based on the number of adults per species 
collected in each sample. For samples containing more than 10 adult coccinellids, 50% were 
measured randomly and dissected. For samples with less than 10 adult coccinellids, 1 of 
every 5 was measured and no measurements were taken for samples with less than 2 adults. 
This resulted in 61 1, out of the 713 adult coccinellids collected, measured and dissected. 
Data were collected from every coccinellid adult sampled before the first cutting in 2001 and 
every adult sampled in 2002. The total number of coccinellid adults per 50-sweep sample in 
2001 and 2002 was compared to the number of adults observed in Iowa alfalfa from 1987 
through 1990. 
Morphological changes in ovarian development may aid in estimating a population's 
age structure and have been used to determine diapause incidence in Coccinellidae (Phoofolo 
et al., 1995). The ovarian developmental stage of female coccinellids followed the 
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descriptions in Phoofolo et al. (1995). Stages of ovarian development were categorized 
based on the follicle size, shape and intensity of yellow coloration for the coccinellid, C. 
septempunctata (Phoofolo et al., 1995). We then determined the ovarian stages (0-4) for 
each female dissected based on these characteristics (Figures 1-4). Stage 0 and 1 were 
previtellognic, with stage 0 typically occurring in newly eclosed adult females (Phoofolo et 
al., 1995). Stages 2 and 3 were vitellogenic while stage 4 was postvitellogenic or with 
mature oocytes ready for oviposition (Phoofolo et al., 1995). 
Results and Discussion 
Adult coccinellid species collected in samples included the native species 
Coleomegilla maculata, Cycloneda munda Say (Coleoptera: Coccinellidae), Hippodamia 
convergens Guerin-Meneville (Coleoptera: Coccinellidae), Hippodamia parenthesis Say 
(Coleoptera: Coccinellidae), Hippodamia tredecimpunctata Say (Coleoptera: Coccinellidae), 
and the introduced species C. septempunctata and H. axyridis. A limited number of 
dominant species exists in coccinellid communities, often comprising 2-4 species that make 
up 90% of the individuals (Hodek and Honek, 1996). Of the species collected in 2001 and 
2002, over 87% were Coleomegilla maculata, C. septempunctata, and H. axyridis (Table 2). 
The majority of coccinellid species collected belonged to one of these three species, so their 
population cycles are discussed. It has been previously reported that aphid populations are 
typically low after the first alfalfa cutting; therefore, coccinellid populations also decrease 
(Giles et al., 1999). However, we found aphid and coccinellid populations throughout the 
summer months. This was, in part, because of the recent arrival of Aphis craccivora Koch 
(Homoptera: Aphididae) in Iowa alfalfa fields. 
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Aphid populations 
Four aphid species were identified in alfalfa in central Iowa during 2001 and 2002, these 
included Therioaphis maculata Buckton (Homoptera: Aphididae) (spotted alfalfa aphid), 
Acyrthosiphon kondoi Shinji (Homoptera: Aphididae) (blue alfalfa aphid), Acyrthosiphon 
pisum Harris (Homoptera: Aphididae) (pea aphid), and A. craccivora (cowpea aphid) 
(Figures 5, 6). Aphids were usually found on each sample date throughout both years. The 
most prevalent aphid species were Acyrthosiphon pisum and A. craccivora. During 2001, 
Acyrthosiphon pisum populations were highest from May through June 7. Acyrthosiphon 
pisum was not found in August, near the time in which A. craccivora were first seen in the 
fields (Figure 5). Aphid populations were highest on July 26 2001. On this date, populations 
of 1,000 A. craccivora per 50-sweep sample were taken (Figure 5). In both years, A. 
craccivora populations tended to occur later in the season. Acyrthosiphon kondoi, which was 
often was seen in 2001 from mid May to early June, was absent from our samples in 2002. 
Aphis craccivora populations 
Aphis craccivora Koch is an aphid species new to Iowa; the first observation in 
alfalfa fields was in 2001. Also known as the cowpea, blackbean, or groundnut aphid, A. 
craccivora is a cosmopolitan species that feds on grain and vegetable legumes and 
groundnuts (Ofuya 1988, Agarwala and Bardhanroy 1999). It also vectors several viruses of 
legumes (Ofuya 1988, Agarwala and Bardhanroy 1999). It often is found in tropical or 
subtropical environments and is an important pest in Africa, India, the Phillippines, Thailand, 
Australia, southern United States, and Latin America (Berg 1984, Ofuya 1989, Ofuya 1997, 
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Agarwala and Bardhanroy 1999). Several species of parasitoids and coccinellids attack this 
aphid species (Ofuya 1986, Agarwala and Bardhanroy 1999). coccinellids are the main 
natural control regulating populations in Africa (Ofuya 1986, Agarwala and Bardhanroy 
1999). However, populations of A. craccivo~a are typically reduced using insecticides 
(Ofuya, 1995). Aphis craccivora currently is found in several states in the United States, 
including Arizona, California, Kansas, Illinois, Missouri, Nebraska, Nevada, and Texas 
(Wright 1999, Steffey 2000, Summers 2000). 
Coleomegilla maculata populations 
Coleomegilla maculata populations were highest on May 9 2001 (11.4 adults per 50- 
sweeps) and 11.4 adults per 50-sweeps May 18 2002) and then declined in early June 
(Figures 7, 8). After this initial decline, adults remained at low levels (0 - 0.9 adults per 50- 
sweeps) in alfalfa fields during both years. Over 50% of Coleomegilla maculata females 
collected during the beginning of May in 2001 and 2002 had ovarian developmental stages of 
0 to 2 (Figure 9). These levels of ovarian development suggest that the populations were 
overwintering females from the previous year. Overwintering females reached oocyte 
development (stage 4) faster in 2002 than 2001, with nearly 5% of the female adults at stage 
4 by May 1 and over 50% by May 21 (Figure 9). The majority (66% - 100%) of the females 
sampled in October 2002 had ovarian development in the first two stages (0 or 1) and had 
likely entered diapause (Figure 9). Some females may have had ovarian development at 
stage 1 because of the presence of aphids in the fields during late September (Phoofolo et al., 
1995). 
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Seasonal decline in Coleomegilla maculata populations 
The decline in adult Coleomegilla maculata in both years may have been because of 
emigration from the alfalfa fields or death. In 2001 and 2002, Coleomegilla maculata 
populations decreased late in May, although aphids were still present in the fields (Figures 5- 
8). Becuase aphid densities remained high while Coleomegilla maculata populations 
declined, emigration from the fields because of low prey levels is unlikely. One field in 2001 
and two of the four fields in 2002 were cut shortly before Coleomegilla maculata populations 
started to decline, while the remaining fields were not cut until after Coleomegilla maculata 
populations had decreased. 
As the ovarian development stage increased in the overwintered adult females, 
numbers of adults declined in the alfalfa fields during the spring 2001 and 2002. Male 
coccinellids often inseminate a portion of females before hibernation and after diapause, 
before the aggregations disperse (Phoofolo 1993, Hodek and Honek 1996). The adults may 
have emigrated from alfalfa to oviposit in another habitat. Although coccinellids are often 
thought to oviposit near aphid colonies, no experimental studies have shown that aphids need 
to be present for oviposition to take place (Hodek and Honek, 1996). In captivity, females 
oviposit regardless of aphid presence (Hodek and Honek, 1996). For instance, Coleomegilla 
maculata will oviposit in corn without a nearby prey source for the larvae (Cottrell and 
Yeargan, 1998). Ives (1981) found that the overwintered generation of Coccinella 
californica Mannerheim (Coleoptera: Coccinellidae) switched from alfalfa fields to oat fields 
as the season progressed, even though higher aphid densities were located in the alfalfa. 
Coleomegilla maculata adults may have left the alfalfa habitat because of potential 
larval competition with conspecifics or cannibalism by detection of other larvae. Argarwala 
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and Dixon (1993) suggested that oviposition by coccinellids near aphid infestations may 
increase the likelihood of predation on the eggs by other coccinellids. Many conspecifics in 
an environment also may have a negative effect on larval development by decreasing 
development rate and growth (Hodek and Honek, 1996). 
HarmoHia axyridis populations 
In 2001, H. axyridis adults were only collected on two dates in the spring, May 9 (0.2 
adults per 50-sweep) and May 29 (0.1 adults per 50-sweep). Low numbers of H. axyridis 
adults were also present in May 2002 (0.0-0.5 adults per 50-sweep). Harmonia axyridis 
populations increased later in the season and it became the most abundant species from July 
until the end of the season in 2001 and 2002 (Figures 7, 8). 
Harmonia axyridis females with stage 4 ovarian development were not collected until 
late July 2001, but appeared earlier in the season in 2002 (Figure 10). In October 2002, 
aphids were still abundant in the fields and females with ovarian stages ranging from 0 to 2 
were recovered (Figure 10). The presence of aphid prey may have furthered ovarian 
development past the typical stage for diapausing females, stage 0. 
Coccinella septempunctata populations 
Coccinella septempunctata adults were collected in alfalfa fields from May until late 
August 2001 and October 2002 (Figures 7, 8). Coccinella septempunctata often will arrive 
in agricultural crops soon after aphids start feeding; therefore, aphids and C. septempunctata 
populate the same habitats at nearly the same time (Hodek and Honek, 1996). Food quantity 
is a major factor affecting C. septempunctata population dynamics in North China, where 
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increased prey level resulted in increased oviposition (Xia et al., 1999). In 2001 and 2002, 
aphid levels were high throughout the season; therefore, increased oviposition by C. 
septempunctata may have occurred (Figures 5, 6). Coccinella septempunctata females at 
stage 4 ovarian development were first collected in June 2001 and May 2002. During both 
years, females with stage 4 ovarian development were present throughout July and into 
August. Consequently, females were capable of oviposition during most of the season both 
years. In 2001 and 2002, newly emerged adults (females with ovaries at stage 0) were 
collected on most sampling dates (Figure 11). This suggests that C. septempunctata was 
either constantly producing offspring or adults were immigrating into the fields immediately 
following adult eclosion. 
Sex Ratio 
Male-killing symbionts are inherited from the maternal source in many 
aphidophagous coccinellids, resulting in higher female populations (Majerus and Hurst, 
1997). Male-killing symbionts have been detected in H. axyridis, Coleomegilla maculata, 
and C. septempunctata (Majerus and Hurst, 1997). The percent H. axyridis females in citrus 
growing regions in Florida, collected during the fall of 2000 and spring of 2001, was 79.5% 
(Michaud, 2002). A higher percentage of female H. axyridis were collected in alfalfa fields 
in Iowa during 2001 (73%) and 2002 (57%) (Table 3). More Coleomegilla maculata females 
were collected than males in 2001 (70%) and 2002 (71%) while approximately equal number 
of male and female C. septempunctata were collected each year (Table 3). 
Coccinellid Populations (1987 to 2002) 
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Populations of C. septempunctata and H. axyridis may have displaced native species in 
alfalfa habitat in Iowa. Hippodamia parenthesis, Cycloneda munda, Hippodamia 
convergens, and Hippodamia tr~edecimpunctata are native species that typically can be found 
in alfalfa in Iowa, but in relatively low numbers (Figure 12). Their populations and 
Coleomegilla maculata populations were variable throughout the surveyed years. For 
example, Hippodamia convergens populations decreased between 1987 to 1988, but 
increased between 1988 to 1989. However, total native species populations have declined as 
the exotic species C. septempunctata and H. axyridis populations increased (Figure 12). 
Native species comprised 77% of the coccinellid species found in alfalfa from 1987 and 1990 
but only 58% in 2001 and 2002. 
Harmonia axyridis wsa first noted in Iowa sometime in the early 1990s. It is 
currently the 3rd most common lady beetle in central Iowa alfalfa today (behind 
Coleomegilla maculata and C. septempunctata), constituting more than 16% of the 
coccinellids found in alfalfa in central Iowa in 2001 and 2002 (Table 2). Native coccinellid 
populations (excluding Coleomegilla maculata) have increased since 1990 (4.1 %) to 8.4% in 
2001 and 12.8% in 2002. This increase corresponds with H. axy~idis establishing in Iowa 
alfalfa and Coleomegilla maculata decreasing in numbers from 1990 (Figure 12). Currently, 
C. septempunctata populations are similar to populations in 1990, comprising nearly 25% of 
the coccinellids sampled (Figure 12). 
A limited number of species may successfully survive in a given area because of 
competition between coccinellid species (Hodek and Honek, 1996). My laboratory study 
indicated that Coleomegilla maculata survival decreased when caged with H. axyridis or C. 
septempunctata (Chapter 3). Prey competition or intraguild predation may stimulate the 
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more mobile species such as Hippodamia convergens and Hippodamia tredecimpunctata to 
leave alfalfa habitat (Hodek and Honek, 1996). Relatively few Hippodamia 
tredecimpunctata adults were collected in alfalfa in 2001 (7) and 2002 (0). Hippodamia 
tredecimpunctata is considered extinct in Britain where it has not been recorded since 1950 
(Honek and Honek, 1996). Hippodamia convergens included nearly 10% of coccinellids 
collected in alfalfa in Iowa during 1987 to 1989 and less than 4% in 1990. Percent 
occurrence of Hippodamia tredecimpunctata in alfalfa has been less than S%throughout the 
years sampled. The future of these species in Iowa should be closely monitored in several 
habitats and possibly protected if endangered in Iowa. 
Conclusion 
Populations of aphidophagous coccinellids are influenced by aphid prey density 
because it acts as an attractant and an arrestant for immigrating adults (Hodek and Honek, 
1996). Once aphid numbers fall below a threshold level, adult coccinellids then leave the 
area (Hodek and Honek, 1996). In Iowa alfalfa, few aphids were considered to be in alfalfa 
during the second cutting and therefore coccinellid populations also decreased (Giles et al., 
1999). However, if aphid populations are high in late August and September, another 
generation of Hippodamia convergens, Coleomegilla maculata, and C. septempunctata may 
be produced in alfalfa (Giles et al., 1999). The presence of A. craccivora in July and August 
maybe affecting the coccinellid population dynamics in Iowa alfalfa fields. Coccinellae 
septempunctata and H. axyYidis are considered predators of A. craccivora (Hodek and 
Honek, 1996). However, A. craccivora is unsuitable prey for H. axyridis on most of its host 
plants, including vetch and velvet bean (Tedders and Schaefer, 1994). This maybe because 
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A. craccivora is toxic or it deficient in certain nutrients (depending on its host plant) to many 
coccinellids (Hodek and Honek, 1996). We know of no studies that have examined the 
suitability of A. craccivora as prey for Coleomegilla maculata. 
In 1986, relatively few C. septempunctata were observed in Iowa alfalfa fields, but by 
1994, C. septempunctata was one of the most abundant coccinellid species in this crop 
(Obrycki et al. 1987, Giles et al. 1994). The decline of native coccinellid species in Iowa 
alfalfa from 1987 to 1989 may be because of increasing populations of C. septempunctata. 
Native coccinellid species complexes also decreased once C. septempunctata established in 
three different agricultural crops in South Dakota (Elliott et al., 1996). In West Virginia 
apple orchards, C. septempunctata became the dominant species 2 years after its initial 
detection (Brown and Miller, 1998). 
Brown (2003) hypothesized that a decline of C. septempunctata in West Virginia apple 
orchards occurred because of the establishment of H. a~yridis. In Iowa, the establishment of 
H. axyridis in alfalfa did not result in the decline of C. septempunctata. However, 
competition between the species may have prevented C. septempunctata populations from 
increasing. My laboratory study documented that when H. axyridis and C. septempunctata 
were caged together, C. septempunctata had lower survival than H. axyridis (Chapter 3). 
Harmonia axyridis and C. septempunctata occupied the alfalfa habitat during similar times 
and competition or intraguild predation may have occurred. 
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Table 1. The alfalfa field locations, dimensions, and average number ~ standard deviation of alfalfa stems in a 
m2. 
Field Name Field Location Approximate 
Field Size (m2) 
Average number of 
Alfalfa Stems ~ Standard 
Deviation (2001) 
2 Johnson Farm A 41°59.065' N 10,050 m2 ~ 527 ~ 350 
93°38.609' W 
Johnson Farm B 41°59.027' N 12,348 m2 330 ~ 165 
93°38.710' W 
University 42°02.272' N 19, 964 m2 45 8 ~ 5 5 
Village 93°38.627' W 
Curtis Farm 42°00.334' N 13,456 m2 222 ~ 39 
93°39.804' W 
2 The southwestern corner of Johnson Farm A is located 4m away from the northeastern corner of the Johnson 
Farm B field (Table 2). These fields were used despite their close proximity because Johnson Farm A is a 1 
year old stand while the Johnson Farm B field is a Syear old stand with a higher diversity of vegetation in 2001 
(Table 3). 
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Table 2. Relative percent occurrence, total number collected, and the average number of adults per 50-sweep 
sample for each species in 2001 and 2002. 





Average Number of 
Adults per 50-sweep 
Sample 
2001 2002 2001 2002 2001 2002 
Coleomegilla 
maculata 
48.9% 46.8% 889 837 3.18 1.72 
Coccinella 
septempunctata 
25.0% 23.5% 455 420 1.63 0.86 
Ha~monia 
axyridis 
17.8% 16.8% 323 300 1.15 0.61 
Hippodamia 
conve~gens 
4.6% 1.5% 84 26 0.30 0.05 
Cycloneda munda 2.0% 5.9% 36 106 0.13 0.22 
Hippodamia 
parenthesis 
1.4% 5.6% 25 100 0.09 0.20 
Hippodamia 
tredecimpunctata 
0.4% 0% 7 0 0.03 0.00 
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Table 3. The sex ratio (female: male) of adults for each species collected on each date in 2001 and 2002. Sex 









5-1 91:45 66.9 16:15 51.6 
5-9 86:29 74.8 44:35 55.7 1:0 100.0 
5-18 1:1 50.0 1:1 50.0 
5-29 49:23 68.0 24:13 64.9 
6-1 4:3 57.1 1:3 25.0 
6-4 13:2 86.7 3:5 37.5 
6-7 39:4 90.7 19:12 61.3 1:0 100.0 
7-26 * 3:2 60.0 8:9 47.1 
8-13 2:1 66.7 11:8 57.9 10:3 76.9 
8-20 3:5 37.5 4:7 36.4 67:36 65.0 
8-27 8:0 100.0 16:25 64.0 61:64 48.8 









5-1 15:4 78.9 7:13 35.0 1:3 25.0 
5-8 64:27 70.3 25:27 4$.1 2:1 66.7 
5-14 8 :3 72.7 4:5 44.4 3 :1 75.0 
5-21 5:2 71.4 1:1 50.0 
5-29 19:7 73.1 3:5 37.5 1:0 100 
6-5 18:7 72.0 11:9 5 5.0 
6-13 3 : l 75.0 11:5 68.8 
6-19 1:0 100.0 15:13 53.6 0:1 0 
6-27 * * 4:5 44.4 3:1 75.0 
7-2 * * 1:1 50.0 
7-9 1:1 50.0 25:18 58.1 0:2 0 
7-17 1:0 100.0 17:8 68.0 2:1 66.7 
7-24 3:0 100.0 5:2 71.4 5:4 55.6 
7-31 3:2 60.0 * * 2:0 100 
8-14 2:1 66.7 1:1 50.0 16:15 51.6 
8-21 3:2 60.0 0:3 0 2:1 66.7 
8-28 1:1 50.0 1:2 33.3 26:23 53.1 
9-19 1:1 50.0 1:0 100.0 3:2 60.0 
9-26 * * * * 2:1 66.7 
10-5 2:1 66.7 0:1 0 8:11 42.1 
10-11 13 :5 72.2 * * 29:26 52.7 
10-18 1:1 50.0 0:1 0 5:2 71.4 














Figure 1. Stage 1 of Coccinella septempunctata ovarian development. 
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Figure 4. Stage 4 of Coleomegilla maculata ovarian development. 
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CHAPTER 5. GENERAL SUMMARY 
Exotic coccinellids maybe displacing native coccinellids through prey competition 
and intraguild predation. Intraguild predation occurs among predators that share common 
prey species and are capable of feeding on each other. This thesis examined how two exotic 
coccinellid species, Harmonic axyridis Pallas and Coccinella septempunctata L., and one 
native coccinellid, Coleomegilla maculata De Geer, responded to aphid prey levels when 
alone or caged with a potential competitor. We also determined the relative abundance of 
these species in the field and compared them with past populations. 
In chapter 2, the responses to larval development on 4 levels of pea aphids per day [2, 
4, 10, and 20 Acrythosiphon pisum Harris (Homoptera: Aphididae)] were determined for H. 
axyridis (Coleoptera: Coccinellidae), C. septempunctata (Coleoptera: Coccinellidae), and 
Coleomegilla maculata (Coleoptera: Coccinellidae). Larval nutrition is an important factor 
that determines adult characteristics, which influences the population dynamics of a species. 
Coccinella septempunctata and H. axyridis are similar sized coccinellids, but H. axyridis had 
a higher percent survival at lower prey levels than C. septempunctata. For C. 
septempunctata larvae to complete development when aphid levels are low in field situations, 
it may acquire additional food sources. Coleomegilla maculata had the fastest development 
time at 2 and 4 aphids per day in trial two and was the only species to survive at these prey 
levels in trial one. However, Coleomegilla maculata was not as responsive at the higher prey 
levels 
Chapter 3 of this thesis focused on the influence of aphid prey levels on interspecific 
interactions among C. septempunctata, H. axyridis, and Coleomegilla maculata larvae when 
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paired or placed in groups containing three larvae and fed several levels of pea aphids. Large 
aphid fluctuations occur in the field, and aphidophagous coccinellid larvae likely will 
encounter situations where food levels are low. We observed that the influence of prey level 
varied with the predatory species and the presence of potential competitors. Higher prey 
density increased the survival of H. axyridis and C. septempunctata, but did not affect 
Coleomegilla maculata survival. Harmonia axyridis survival was not influenced by the 
species it was caged with at low or high prey levels and in general it had the highest survival 
of the three species. 
Faster development time maybe beneficial for coccinellid immatures by allowing 
them to reach the adult stage faster. Development time may increase because of prey 
competition or decrease if the larva can acquire the other species allotted prey. Harmonia 
axyridis and C. septempunctata development time decreased when caged with one or more 
species, indicating that these species consumed more prey than their potential competitors. 
Coleomegilla maculata development time also decreased when caged with one or more 
competitors but only at low prey levels. Coleomegilla maculata maybe more competitive at 
low prey levels than the other species because it requires less prey to complete development. 
In Chapter 4, I sampled alfalfa fields in central Iowa for coccinellids and aphids in 
2001 and 2002. I then compared the population levels to those found in 1987 through 1990. 
During this study, a new aphid species was reported in Iowa and a new mite-coccinellid 
interaction was observed. Adults of native coccinellid species included, Coleomegilla 
maculata, Cycloneda munda Say, Hippodamia convergens Guerin-Meneville, Hippodamia 
parenthesis Say, Hippodamia tredecimpunctata Say, and two introduced species, C. 
septempunctata and H. axyridis. The abundance of native coccinellids is lower than levels 
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observed from 1987-1990. Because of temporal occurrence in alfalfa, interactions between 
Coleomegilla maculata and H. axyridis were not likely, but C. septempunctata was present 
from May to August and may interact with both species. 
The number of native coccinellids in agricultural crops in the Midwestern United States 
has seemed to decline since the mid-1950s; the introduction and spread of exotic coccinellids 
maybe related to this decline. Overall, we found the exotic coccinellid species, H. axyridis, 
to be the most responsive to low and high prey levels. The native species, Coleomegilla 
maculata, maybe at an advantage at low prey levels because it had high survival and the 
fastest development time. Coleomegilla maculata adults are smaller than H. axyridis adults 
and C. septempunctata adults and may require less prey for development. Harmonia 
axyridis, C. septempunctata, and Coleomegilla maculata varied in their response to 
competitors and at times these responses were dependent on the prey level. In this study, H. 
axyridis had consistently high survival when paired with C. septempunctata, Coleomegilla 
maculata or both species. If Coleomegilla maculata and C. septempunctata larvae were to 
occupy the same habitat at the same time, the species most likely to survive may depend on 
the aphid density because C. septempunctata did not tolerate low prey levels in this study. 
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APPENDIX A. PARASITES OF COCCINELLIDAE IN IOWA ALFALFA 
Introduction 
The impact that predators and parasitoids have on coccinellid populations are not well 
known (Ceryngier and Hodek, 1996). coccinellids have a limited number of predators, but 
nearly 100 species of parasitoids, mites, and nematodes attack coccinellids (Richardson 1970, 
Ceryngier and Hodek 1996, Mallampalli 2002, De Clercq et al. 2003). Dinocampus 
coccinellae Schrank (Hymenoptera: Braconidae), previously known as Perilitus coccinellae, 
is the primary parasitoid of the subfamily Coccinellinae in Europe and North America 
(Maj eras, 1994). It is a solitary, multivoltine, parthenogenetic endoparasitoid that parasitizes 
over 40 coccinellid species (Hodek 1973, Obrycki 1989, Maj eras 1994, Ceryngier and Hodek 
1996). The objective of this study was to determine occurrence of D. coccinellae and 
coccinellid host use in central Iowa alfalfa fields. 
Materials and Methods 
Data were collected as part of the field survey described in Chapter 4 of this thesis. 
Parasitism of the adult coccinellids was determined through dissection with the use of an 
Olympus SZH zoom stereomicroscope. Adults were placed in a watch glass and covered 
with water prior to dissection. Adults were recorded as parasitized by D. coccinellae if one 
or more parasitic larva or teratocyte cells were observed in an adult (Figure 1) (Hodek, 
1973). The immature larval stage of D. coccinellae was estimated based on size and shape of 
the larvae (Figures 2, 3). A one-way factorial analysis of variance (JMP 5.0, 2002) was used 
to compare the effect of coccinellid species on percent parasitization by D. coccinellae. 
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Least Squares Means Differences Tukey (HSD) analysis (JMP 5.0, 2002) was performed for 
the coccinellid species. All tests were done at the p=0.05 level of significance. 
When D. coccinellae larvae emerge from the egg, clumps of spherical cells, 
teratocytes, are released from the serosal membrane (Hodek 1973, Ceryngier and Hodek 
1996, Quicke 1997) (p<0.05, Figure 1). After separation from the membrane, teratocytes are 
able to move freely through the hemolymph (Quicke, 1997). Also known as giant cells, they 
first appear in individual clumps (about 47µm in size), with each clump containing 30 to 100 
cells (Kadono-Okuda et al. 1995, Quicke 1997). The day following egg eclosion, these cells 
separate into roughly 550 individual teratocytes (Kadono-Okuda et al., 1995). As the D. 
coccinellae larva develops, these cells increase in size by often tenfold and may be between 
370 to 500µm in diameter (Kadono-Okuda et al. 1995, Quicke 1997). When the final instar 
larva emerges from the host, only a few teratocytes remain (Kadono-Okuda et al., 1995). 
This maybe because of feeding by the immature on the teratocytes (Kadono-Okuda et al., 
1995). 
Prior to dissection, the dorsal side of the abdomen was exposed and data was 
collected on mite presence and the total number on each individual. Mites were sent to the 
USDA-SEL for identification but species confirmation has not yet been received. 
Results and Discussion 
Both years, less than 5% of the Coleomegilla maculata adults collected were parasitized 
by D. coccinellae, which was significantly less than the number of C. septempunctata adults 
parasitized (Figure 4). The percentage of Harmonia axyridis (Coleoptera: Coccinellidae) 
adults parasitized by D. coccinellae were similar to the other coccinellid species collected, 
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approximately 7% both years. Hoogendoorn and Heimpel (2002) found that the proportion 
of H. axyridis and Coleomegilla maculata populations parasitized were similar in the field in 
Minnesota, however, H. axyridis was not a suitable host for the developing parasitoid 
(Hoogendoorn and Heimpel, 2002). Obrycki (1989) indicated that Coleomegilla maculata 
and C. septempunctata were suitable hosts for D. coccinellae. 
In 2002, C. septempunctata populations decreased in late July and did not return to 
the fields even though aphid populations remained relatively high. Considered a less active 
species, C. septempunctata is not likely to leave habitats with large aphid populations and is 
known to prefer to stay on alfalfa stands for long periods (Hodek and Honek, 1996). This 
decrease in adult population may have been because of an increase in mite parasitization. 
Coccinella septempunctata was the only coccinellid species to be attacked by an unidentified 
mite species in 2002; 5.3% of the beetles recovered from the field in 2002 were parasitized. 
Mites) attached to the dorsal surface of the abdomen, under the elytra. Numbers of mites 
present varied between 0 and >6 per adult (Figures 5, 6). These mites were only seen 
between June 27, 2002 and August 7, 2002, during which 21.4% of the 201 C. 
septempunctata beetles collected were parasitized by the mites. It is not known why only C. 
septempunctata was attacked by this mite (Table 1). During the time frame in which the 
mites were detected, Coleomegilla maculata, Cycloneda munda, Hippodamia parenthesis, 
Hippodamia convergens, and H. axyridis adults were present in the alfalfa fields. However, 
C. septempunctata was the most abundant coccinellid species collected during these dates. 
The second most abundant species was Harmonia axyridis, with nearly half as many adults. 
The mite may have only attacked C. septempunctata for several reasons including, it maybe 
host specifMic, C. septempunctata was the most numerous coccinellid during the time frame in 
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which the mite was active, it was introduced into North America with C. septempunctata or 
C. septempunctata may have behavioral adaptations that make it more likely to be attacked 
by this mite. For instance, C. septempunctata is known to increase body temperature by 
prolonged sun exposure (Hodek and Honek, 1996). This may result in moving to areas with 
greater sun light exposure such as climbing on insolated portions of plants or moving to areas 
of bare ground (Hodek and Honek, 1996). Coccinella septempunctata larvae in southeast 
France were found near the ground in the spring but throughout the plant later in the season 
(Hodek and Honek, 1996). These behaviors may possibly make this species more vulnerable 
to attack by this mite. 
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Table 1. Percent of Coccinella septempunctata adults attacked by Dinocampus coccinellae, mite species, and 
both Dinocampus coccinellae and mite species for each sample date in 2002. 
Date Total Number of Adults D. coccinellae only Mite 
species only D. coccinellae and Mit cies a spe 
5/1 20 0.0% 0.0% 0.0% 
5/8 59 5.1 % 0.0 % ~ 0.0 
5/14 19 5.3% 0.0% 0.0% 
5/21 8 0.0% 0.0% 0.0% 
6/5 20 25.0% 0.0% 0.0% 
6/13 16 12.5% 0.0% 0.0% 
6/19 27 11.1% 0.0% 0.0% 
6/27 72 4.2% 12.5% 0.0% 
7/2 36 8.3% 25.0% 5.6% 
7/9 43 9.3% 18.6% 4.7% 
7/17 28 7.1% 39.3% 0.0% 
7/24 11 9.1 % 0.0% 9.1 
7/31 5 0.0% 20.0% 0.0% 
8/7 6 0.0% 16.7% 0.0% 
8/14 2 0.0% 0.0% 0.0% 
8/21 3 0.0% 0.0% 0.0% 
9/19 1 0.0% 0.0% 0.0% 
10/5 1 0.0% 0.0% 0.0% 
10/18 1 100.0% 0.0% 0.0% 
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E~~~r1~- IIl+~7~C'1'~ll'Il~3ld.S C't~C'C'ljl+E~~~~IE' 111: tail 
Figure 1. Early instar Dinocampus coccinellae (Hymenoptera: Braconidae) 
surrounded by teratocytes. 
E~I1~1~~ ~~111~)C'C"l1lt~IlfS C~CC'ItlE'~~(l~' ~,H~-11l~l1t=~1~~~'l~~l ~'1~~1t~'t}lllt~~ri~ f 111►~t~lT 
Figure 2. Early instar of Dinocampus coccinellae (Hymenoptera: Braconidae). 
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Figure 3. Late instar of Dinocampus coccinellae (Hymenoptera: Braconidae). 
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  Unid~ntifid mite 
Figure 5. Unidentified mite on dorsal surface of Coccinellae septempunctata (Coleoptera: Coccinellidae) adult 
abdomen. 




APPENDIX B. COMPARISON OF SIZE AMONG FIELD-COLLECTED AND 
LABORATORY-REARED COCCINELLIDS 
Introduction 
Competition among coccinellid species may occur during both immature and adult 
stages; immatures may compete for food and adults may compete for oviposition sites and 
food (Bellows and Hassell, 1999). Competition may occur when a large number of 
coccinellids occur in a limited space, influencing characteristics such as development rate, 
weight, growth (Hodek and Honek, 1996). Individual qualities, such as how an individual 
coccinellid responds to prey density, and interactions ultimately determine the dynamics and 
size of insect populations (Price, 1997). Genetics and relative fitness under different 
conditions also affect the demography, life history, dynamics, and persistence of insect 
populations (Price, 1997). Life history characteristics are influenced by quality and quantity 
of progeny as well as the timing of reproduction (Price, 1997). 
Fecundity, the number of eggs laid by a female, is an essential fitness trait for 
coccinellids (Hodek and Honek, 1996). The number of eggs laid is determined by the 
number of ovarioles and may vary based on species, habitat, prey availability and quality, 
body size, and temperature (Stewart et al. 1991 b, Hodek and Honek 1996, Iperti 1999, Dixon 
2000, Phoofolo and Obrycki 2000). Sundby (1966) demonstrated that when food 
consumption of C. septempunctata is reduced to seven aphids (M. persicae) per day, larvae 
completed development, but emergence was reduced and the adults that did emerge were 
smaller and females produced fewer eggs. After examining eight coccinellid species, Stewart 
et al. (1991 a) found similar reproductive rates occurred among large and small species. 
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However, within a species, heavier females had a higher reproductive rate (Stewart et al., 
1991 a). This is maybe due to larger females having more ovarioles and consequently laying 
larger clusters of eggs than smaller coccinellids (Dixon, 2000). 
Differences in adult coccinellid size affect the fitness of males and females in terms 
of mating, searching behavior, food consumption, fecundity and longevity (Kessler 1971, 
Ohgushi 1996). Body size will vary based on larval prey levels and temperature (Hodek and 
Honek, 1996). Decreasing food levels slow larval growth and decrease adult weight in 
several coccinellids while increased prey will often have the opposite effect (Hodek and 
Honek 1996, Dixon 2000). These responses to increased prey levels level out and cease to be 
affected once a maximum level of prey is reached (Dixon, 2000). The objective of this study 
was to compare size (weight and elytral length) of field-collected adults to size ranges 
obtained in the laboratory to estimate the percentage offield-collected adults that may have 
experienced low prey levels in the field as immatures. 
Materials and Methods 
Data were collected as part of the field survey described in Chapter 4 of this thesis. 
Data collected from each coccinellid adult included weight and right-side dorsal elytral 
length and width (measured from the longest and widest part of the right elytra, with 
coccinellid head facing away from the observer). Frozen adults were weighed to the nearest 
0.01 mg using a Mettler AE 100 analytical balance. The elytral measurements were 
determined for by taking a digital image of each adult. The images were downloaded into 
tpsDIG32 software, which allowed for the elytra lengths and widths to be produced 
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(http://life.bio.sunysb.edulmorph) The lengths and widths were recorded to the nearest 
0.0001 mm. 
A previous laboratory study demonstrated that different levels of Acyrthosiphon pisum 
Harris (Homoptera: Aphididae) (pea aphid) prey fed to immatures of Coleomegilla maculata 
(Coleoptera: Coccinellidae), Coccinella septempunctata (Coleoptera: Coccinellidae), and 
Harmonia aayridis (Coleoptera: Coccinellidae) would affect their adult weights and elytral 
lengths (Chapter 2, results). Acyrthosiphon pisum can be found on a variety of legumes and 
is the most abundant aphid species found on alfalfa in Iowa (MacKay and Wellington 1977, 
Giles et al., 1999). In the laboratory study, larvae were fed 2.2 mg, 12.6 mg, or 25.0 mg of 
pea aphids per day until pupation. If only prey consumption influenced the sizes of 
coccinellids, field-collected adults may attain similar weights as the laboratory reared adults 
if the prey consumed in the field had a similar nutritive value. 
Results and Discussion 
Adult coccinellid body size is variable, often reflecting the prey consumed as larvae 
(Evans, 2000). We found that C. septempunctata (75.2%), H. axyridis (52.4%), and 
Coleomegilla maculata (65.8%) adults collected had higher weights than those reared in the 
laboratory at high prey levels (Table 1). This leads to the conclusion that the majority of the 
larvae encountered high aphid prey levels or were able to use alternative prey sources during 
their development, resulting in adults with larger weights. Coccinella septempunctata body 
size is highly variable, indicating that it is able to adapt to varying environmental situations 
(Evans 2000). Of the three species, weights offield-collected Coleomegilla maculata adults 
had the highest estimated percent that encountered low prey levels in the field, with 7.4% of 
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adults with low weights and 9.8%with short elytral lengths (Table 1, 2). In the laboratory, 
immatures of C. septempunctata rarely completed development when fed low prey levels. 
This maybe why relatively few C. septempunctata adults (1.2%) were collected from the 
fields with low weights (Table 1). Elytral lengths of field-collected adults resulted in similar 
outcomes (Table 2). 
If prey competition between larvae of exotic and native coccinellid species is 
influencing native populations, then the adult body size of native species might reflect this 
competition. Smaller body size would then lead to lower fecundity, resulting in smaller 
populations. However, Evans (2000) found that mean body size of the coccinellids 
Coccinella t~ansversoguttata, Hippodamia convergens, Hippodamia quinquesignata, 
Hippodamia sinuata, and Hippodamia tredecimpunctata did not decline over time as C. 
septempunctata populations increased. This indicates that larval food levels have not 
decreased because of the introduction of C. septempunctata (Evans, 2000). The maj ority of 
field-collected Coleomegilla maculata adult weights were higher than laboratory reared 
adults fed 12.6mg and 25.0 mg of pea aphids. However, of the three species, Coleomegilla 
maculata had the highest percent of adults with weights similar to laboratory-reared larvae 
fed 2.2 mg of pea aphids. Field-collected adults were generally larger than those reared in 
the laboratory. Adults were collected whose weights were similar to those reared in the 
laboratory at each prey level. This indicates that the adults sampled may have developed 
under a range of aphid densities, possibly within or outside alfalfa fields. 
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Table 1. Field-collected adult weights compared to weights obtained in the laboratory with controlled larval 
rev levels. 
Species Amount of aphids fed per 
day (mg) 







a <8.68 3.6% 
2.2 8.68 9.53 3.8% 
R 9.54 11.55 16.5% 
12.6 or 25.0 11.56 12.45 10.3% 




`~ <12.46 Q% 
2.2 12.46 16.14 1.2% 
a 16.15 23.84 3.8% 
12.6 23.85 0 2.8% 
25.76 28.54 8.7% 
25.0 28.55 0 8.3% 




~` <11.78 3.2% 
2.2 11.7 8 13.00 1.5 
a 13.01 20.54 9.9% 
12.6 20.5 5 22.16 4.3 
~ 22.17 26.98 15.8% 
25.0 26.99 30.14 12.9% 
~ >30.14 52.4% 
°` Field-collected individuals that weighed less than the lightest individuals observed in the laboratory study. 
a Weight ranges of field-collected individuals that were outside ranges obtained from laboratory reared adults. 
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Table 2. Field-collected adult elytral length compared to lengths obtained in the laboratory with controlled 
larval prey levels. Coccinella septempunctata did not survive in the laboratory when fed 2 aphids per day. 










a <3.5786 3.5% 
2.2 3.5786 3.7657 6.3% 
R 3.7658 4.0689 16.7% 
12.6 or 25.0 4.0690 4.2560 16.5% 




a <4.5644 3.3% 
12.6 4.5 644 4.7 319 3.2 
a 4.7320 5.0605 8.9% 
25.0 5.0606 5.2288 6.3% 




`~ <3.6184 0.0% 
2.2 3.6184 3.9852 0.9% 
a 3.9853 4.2207 1.0% 
25.0 4.2208 4.6974 11.4% 
'~ >4.6974 86.7% 
°` Field-collected individuals that weighed less than the lightest individuals observed in the laboratory study. 
R Weight ranges of field-collected individuals that were outside ranges obtained from laboratory reared adults. 
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APPENDIX C. POPULATION OF IMMATURE COCCINELLIDAE IN ALFALFA 
FIELDS IN CENTRAL IOWA 
Introduction 
During the past 50 years, the decline in diversity of species of Coccinellidae in 
Midwestern United States agricultural crops maybe related to the introduction of exotic 
coccinellid species (Elliott et al. 1996, Obrycki et al. 2000). Introduced coccinellids may 
compete with native coccinellid species directly by intraguild predation and indirectly for 
shared resources (Ormord, 1994, Dixon 2000). Intraguild predation occurs between insects 
that compete for the same prey and feed on each other (Rosenheim et al., 1995). The 
immature stages of coccinellids are restricted in their movements compared with adults, 
therefore they are more likely to experience competition (Obrycki et al., 2000). Under 
laboratory conditions, intraguild predation has been observed among several species of 
coccinellid larvae (Chapter 1 Table 1). 
The most common species of Coccinellidae in alfalfa in Iowa include the native species 
Coleomegilla maculata DeGeer and the exotic coccinellid species, Coccinella 
septempunctata L., and Harmonia axyridis Pallas (Chapter 4, results). A previous study has 
shown that intraguild predation occurs among Coleomegilla maculata, C. septempunctata, 
and H. axyridis larvae. For these interactions to take place in the field, immatures must 
coexist in the same habitat at the same time. The objective of this research was to determine 
the seasonal occurrence and abundance if larvae of these three species in Iowa alfalfa. 
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Materials and Methods 
Data was collected as part of the field survey described in Chapter 4 of this thesis. The 
date, field, sample, and the immature's life stage were recorded. Third and fourth coccinellid 
instars were identified to species. 
Results and Discussion 
coccinellid larval abundance 
During both years, most coccinellid larvae were collected in July and August (100% 
in 2001 and 92% in 2002). Few of the larvae collected in 2002 were identified to species 
because most (78%) were early instars. Of the third and fourth instars identified to species, 
C. septempunctata made up the majority in 2001 (86.4%) and 2002 (88.0%). Of the three 
species identified, the least common in both years was Coleomegilla maculata. In both 
years, larval populations were correlated with Aphis craccivora (Homoptera: Aphididae) 
populations. Coccinellae septempunctata and H. axyridis are predators of A. cYaccivora and 
the presence of this aphid species in July and August may influence the coccinellid 
population dynamics in the field (Hodek and Honek, 1996). 
Larvae of H. axy~idis and C. septempunctata were present in the alfalfa fields in late 
July 2001 and 2002 (Figure 1). Although aphid levels were high when larval densities were 
high, intraguild predation may still occur between these species. A laboratory study 
indicated that C. septempunctata survival decreased and H. axyridis survival was not 
influenced when first instars were caged together and supplied with high prey levels (10 or 
20 aphids per larva per day) rather than being alone (Chapter 3, results). Harmonic axyridis 
larvae attack C. septempunctata eggs, larvae, and pupae in the field (Takahashi 1989, 
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Hironori and Katsuhiro 1997). Because larvae of these species occur at similar times in the 
same habitat, competition among species is probable. 
Coleomegilla maculata populations 
Few Coleomegilla maculata larvae were collected in 2001 and none were sampled 
during the adult population peak in May (Chapter 4 results). In 2001, Coleomegilla maculata 
larvae and eggs may have been removed in the cut alfalfa and immatures may have been 
present during the weeks that were not sampled. In 2002, fields were continually sampled 
exce t for the week of and the week followin cuttin No Coleome illa maculata 3rd or 4th p g g g 
instar larvae were collected in 2002. Previously, immatures of Coleomegilla maculata have 
been collected in spring alfalfa in Iowa (Obrycki et al., 1998). 
The lack of Coleomegilla maculata larvae may have been because of the method used 
for collection. Sweep netting may result in biased samples because some coccinellids may 
change their vertical distribution on alfalfa (Hodek and Honek, 1996). Sweep netting 
typically only samples the upper regions of the vegetation and alfalfa height may influence 
the efficiency of the sweeps (Hodek and Honek, 1996). Different species may also prefer 
different areas of the alfalfa. A previous study in Minnesota demonstrated that the 
coccinellid Hippodamia tredecimpunctata and Hippodamia convergens preferred the upper 
stratum in corn and barley while Coleomegilla maculata was predominantly found in the 
lower stratums and the middle section of alfalfa plants (Hodek, 1973). 
Knowledge as to why certain coccinellid species prefer certain habitats to others is not 
well known and preferences for specific microhabitats may influence where a coccinellid 
oviposits (Hodek and Honek, 1996). For example, Coleomegilla maculata may prefer more 
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shaded humid areas found in the lower leaf axils of corn rather than the upper corn axils 
(Hodek and Honek, 1996). Obrycki et al. (1998) observed Coleomegilla maculata egg 
masses on foliage after the alfalfa had been cut or on the soil surface in Iowa. Cottrell and 
Yeargan (1998) determined that Coleomegilla maculata prefer to oviposit near corn with 
weedy areas compared to cornfields without weeds. 
Field Variation 
In 2001 and 2002, the majority (88.9% in 2001 and 5 5.2% in 2002) of the coccinellid 
larvae collected were sampled from one of the four fields (Chapter 4 materials and methods, 
Table 1). This field (Johnson Farm B) was bordered by a grass field, a soybean field, and 
two cornfields. It was located near another sampled alfalfa field site (Johnson Farm A). In 
both years, few larvae were collected in Johnson Farm A (5.6% in 2002 and 0.5 % in 2002). 
In 2001, Johnson Farm B was a 5-year-old stand with a high density of weeds while Johnson 
Farm A was a 1 year old alfalfa field. In 2001, the number of third and fourth instars 
collected also was higher in Johnson Farm B but in 2002, the number collected was similar to 
other sites. More larvae may have been found in Farm B compared with Farm A because of 
aphid density. In 2001 and 2002, aphid levels were nearly 7X higher in Farm B. More 
aphids may have occurred in Farm B because of alfalfa cultivars and weed density. Both 
years, C. septempunctata and H. axyridis made up nearly 50% of the adult coccinellids 
sampled in Johnson Farm B while the majority of adult coccinellids sampled in Johnson 
Farm A were Coleomegilla maculata. 
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Table 1. The total number of coccinellid third and fourth instars collected in each alfalfa field each year. 
Year Species Field Total number 
of Larvae 
2001 Coccinella septempunctata 
(3rd and 4 h̀ instars) 
°` Johnson Farm A 1 
Johnson Farm B 400 
University Village 0 
Curtis Farm 4 
Harmonia axyridis 
(3rd and 4th instars) 
Johnson Farm A 0 
Johnson Farm B 48 
University Village 0 
Curtis Farm 1 
Coleomegilla maculata 
(3ra and 4th instars) 
Johnson Farm A 0 
Johnson Farm B 2 
University Village 0 
Curtis Farm 2 
Unknown 
(lst and 2"a instars, and 
pupae) 
Johnson Farm A 3 
Johnson Farm B 396 
University Village 2 
Curtis Farn~ 13 
2002 Coccinella septempunctata 
(3ra and 4th instars) 
Johnson Farm A 0 
Johnson Farm B 3 
°` The southwestern corner of Johnson Farm A is located 4m away from the northeastern corner of the Johnson 
Farm B field (Table 2). These fields were used despite their close proximity because Johnson Farm A is a 1 
year old stand while the Johnson Farm B field is a Syear old stand with a higher diversity of vegetation in 2001. 
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Table 1. (continued 
Year Species Field Total number 
of Larvae 
2002 Coccinella septempunctata 
(3rd and 4th instars) 
University Village 6 
Curtis Farm 5 
Harmonia aacyridis 
(3ra and 4th instars) 
Johnson Farm A 0 
Johnson Farm B 0 
University Village 2 
Curtis Farm 0 
Coleomegilla maculata 
(3ra and 4th instars) 
Johnson Farm A 0 
Johnson Farm B 0 
University Village 0 
Curtis Fann 0 
Unknown 
(1St and 2°a instars, and pupae) 
Johnson Farm A 4 
Johnson Farm B 45 
University Village 11 
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